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Abstract 
 The current study was conducted to determine if inspiratory muscle training (IMT) has an 
effect on anaerobic power during the final sprint phase of a time trial in trained cyclists.  Twenty 
three trained cyclists were included in the data and were randomly assigned to one of two 
groups, a training or placebo group.  Each group performed IMT, but the training group 
performed at 85% of their maximal inspiratory pressure (MIP) while the placebo group trained at 
15%.  MIP was measured pre and post training.  One 15 km time trial was performed pre and 
post IMT.  Heart rate (HR), ratings of perceived exertion (RPE), and arterial oxygen-hemoglobin 
saturation (SaO2) were recorded every five minutes during the time trial.  Immediately following 
the 15 km time trial each subject performed a 30 second Wingate Anaerobic Test to measure 
anaerobic power.  A two way ANOVA with one repeated factor was applied to test for 
differences across the tests and between the two groups.  The results showed no significant 
increase in peak anaerobic power in either group.  There was, however, a significant main effect 
for time in mean anaerobic power in both groups (placebo group increased 529.6 ±124.6 watts to 
574.4 ± 99.3 and 612.3 ±81.7 watts to 632 ± 81.7 watts in the training group).  There was a 
significant main effect for time when measuring the average SaO2 values in both the placebo and 
training group from 94.8 ±2.1 % to 95.3 ±1.8 % and 93.8 ± 1.9 % to 95.1 ± 1.6 %, respectively.  
MIP showed a significant main effect for time in both the placebo and training group from 110 
±40 cmH2O to 150 ±40 cmH2O and 130 ±30 cmH2O to 160 ± 20 cmH2O, respectively.  There 
was no significant main effect over time for RPE, HR, or time trial time in either group.  Six 
weeks of IMT, whether at 15% or 85% of MIP, can improve MIP, and mean anaerobic power 
during the final sprint phase of a time trial. 
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 Chapter I 
The Problem and Its Scope 
Introduction 
 During a cycling time trial the goal is to get from start to end as fast as possible.  Athletes 
are always looking for ways to improve their time, whether it is through aerodynamic equipment 
or improving physiological capacity.  The respiratory muscles have been suggested as the 
limiting factor during high intensity exercise performance (Boutellier & Piwko, 1992; Romer & 
Polkey, 2008; Vogiatzis et al., 2007).  The major muscles involved in respiration include the 
diaphragm, intercostales, scalenes, and sternocleidomastoids, acting together to raise the ribs 
during inspiration (Guenette & Sheel, 2007; Roussos & Macklem, 1982).  It would be prudent to 
assess if specific respiratory muscle training influences cycling performance.   
 The claim that the respiratory muscles are the limiting factor to intense exercise is due to 
measured diaphragmatic fatigue following exercise. Fatigue is measured by two different 
methods: measuring diaphragm twitches during exercise; and testing maximal inspiratory 
pressure post exercise and comparing it to pre-exercise (Johnson, Babcock, Suman, & Dempsey, 
1993; Romer, McConnell, & Jones, 2002).  As the respiratory muscles fatigue they require an 
increasing amount of blood flow and oxygen in order to continue their force development.  As 
fatigue sets in, the respiratory muscles are thought to potentially monopolize the blood flow 
needed for the locomotor muscles (Babcock, Pegelow, Johnson, & Dempsey, 1996; Gething, 
Williams, & Davies, 2004; Romer et al., 2002).   
 Researchers have investigated the effects of inspiratory muscle training (IMT) on time 
trial performance (Holm, Sattler, & Fregosi, 2004; Johnson, Sharpe, & Brown, 2007; Romer et 
al., 2002; Sonetti, Wetter, Pegelow, & Dempsey, 2001).  By improving the strength of the 
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respiratory muscles through the use of IMT, subjects have shown to improve their performance 
during high intensity activity.  It is unknown however, if IMT has the ability to improve 
anaerobic power following a 15 kilometer time trial.  The “kick” portion of a time trial includes 
the final sprint to the finish line, measured as the last 30 seconds in the time trial. Strengthening 
and improving endurance in the respiratory muscles may decrease the amount of work performed 
by the respiratory muscles during the final kick phase and result in improved performance.  The 
decrease in respiratory work would be indicated by the increase in sustained high intensity work, 
as shown by anaerobic power output.   
Purpose of the Study  
 This study was conducted to determine the effect of IMT on peak anaerobic power and 
mean anaerobic power in bicycle racers.  The study focused on improving the kick phase, as 
evidenced by potentially enhanced peak anaerobic power and mean anaerobic power during the 
last 30 seconds of a simulated 15-km time trial performance in cyclists.   
Statement of the Null Hypothesis 
 The null hypothesis states that inspiratory muscle training will not result in improvements 
in peak anaerobic power and mean anaerobic power during the last 30 seconds of a simulated 15-
km time trial.   
Significance of the Study 
 During prolonged high intensity activity the respiratory muscles are known to become 
fatigued, possibly stealing blood flow away from the locomotor muscles to supply the respiratory 
muscles with the needed oxygen to continue with exercise (Babcock et al., 1996; Boutellier, 
Buchel, Kundert, & Spengler, 1992; Boutellier & Pewko, 1992; Gething et al., 2004; Johnson et 
al., 2007; Romer et al., 2002; Tong, Fu, Chung, Eston, Lu, Quach, et al., 2008; Verges, 
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Boutellier, & Spengler, 2008; Voliantis et al., 2001).  Although many studies have investigated 
how inspiratory muscle training improves time trial performance, no studies have looked at how 
IMT may improve anaerobic power at the end of a time trial.  Improvements with IMT may 
lessen respiratory work; hence performance may be enhanced through the end of the time trial.  
The current study will determine if IMT improves anaerobic power in cyclists after a simulated 
15-kilometer time trial.  The results will be important in discovering the efficacy of IMT in 
improving power during the final 30 seconds of a time trial, therefore improving over-all time 
trial performance.  
Limitations of the study 
1. It was presumed that all participants included in the study complied to the best of their 
ability during all of the testing situations.  Verbal encouragement was given to each 
participant to promote maximal performance. 
2. The subjects’ fitness levels varied.  Subjects were asked not to change any training habits 
during the study, but this was difficult to control in all subjects. 
3. The time trial was performed on a stationary bicycle trainer.  Although each individual 
was able to use their own bicycle on the stationary trainer this configuration does not 
predict how subjects may perform in an actual time trial situation. 
4. Inspiratory muscle training requires subjects to perform breathing maneuvers once a day 
five times a week.  Any lack of adherence to the program could potentially impact the 
results.  Subjects who missed more than three training sessions were excluded from all 
analyses.   
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Definition of Terms 
Dyspnea:  Difficult or labored breathing (Marieb, 2004). 
Fatigue: A loss in the capacity to develop force and/or velocity of a muscle, resulting from 
muscle activity under load and which is reversible by rest (NHLBI, 1990). 
Hypernea:  Deeper or more vigorous breathing, but with unchanged respiratory rate, as during 
exercise (Marieb, 2004). 
Hypoxia:  Condition in which inadequate oxygen is available to tissues (Marieb, 2004). 
Inspiratory Muscle Training:  Adding resistance during inhalation to train the inspiratory 
 muscles (Romer et al., 2002) 
Maximal Inspiratory Pressure (MIP): The highest atmospheric pressure developed during 
 inspiration against an occluded airway (McArdle, Katch, & Katch, 1996)  
Mean Anaerobic Power:  Represents the average power throughout 30 seconds and metabolically 
correlates with the power of anaerobic glycolysis (Popadic, Barak,  & Grujic, 2009).  
Normoxia:  A normal partial pressure of oxygen in the arterials (Powers & Howley,  
 2004).  
Peak Anaerobic Power- The highest power produced in a 5-second segment of the 
 Wingate test (Smith & Hill, 1991). 
SaO2: Arterial oxygen-hemoglobin saturation.  The oxygen saturation in the arterials (Dempsey 
& Wagner, 1999) 
Ratings of Perceived Exertion (RPE): Rating of perceived exertion is a valuable scale used in 
monitoring an individual’s exercise tolerance.  Primarily Borg’s RPE scale is used 
(American College of Sports Medicine, 2001). 
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Respiratory Muscles: Includes the diaphragm, intercostals, scalenes, and sternocleidomastoids 
(Guenette and Sheel, 2007; Roussos and Macklem, 1982). 
Wingate Anaerobic Test: Measures anaerobic power and consists of 30 seconds of supramaximal 
cycling exercise against a frictional resistance determined relative to the subject’s body 
weight (Patton, Murphy, & Frederick, 1985). 
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Chapter II 
Review of the Literature 
 
Introduction 
 During high intensity endurance exercise, the respiratory muscles become a limiting 
factor to performance causing respiratory muscle fatigue, in both trained and untrained subjects 
(Boutellier, Buchel, et al., 1992; Boutellier & Pewko, 1992).  Respiratory muscles respond to a 
strengthening stimulus the same way skeletal muscles do (Powers et al., 1995).  Several authors 
have reported that training the respiratory muscles can improve endurance performance 
(Boutellier, Buchel, et al., 1992; Boutellier & Pewko, 1992; Guenette et al., 2006; Harms, 
Wetter, St Croix, Pegelow, & Dempsey, 2000; Inbar, Weiner, Azgad, Rotstein, & Weinstein, 
2000; Johnson et al.,2007) while other studies have shown no improvement (Sperlich, Fricke, 
Marees, Linville, & Mester, 2009; Williams, Wongsathikun, Boon, & Acevedo, 2002). However, 
there is no evidence that an increase in respiratory strength will improve power during the last 30 
seconds of a stimulated 15 km time trial. 
 The purpose of this chapter is to review the literature relating to the respiratory system as 
a limiting factor in performance and how specific inspiratory muscle training (IMT) can help to 
improve physical performance.  The first section, Respiratory muscles and endurance 
performance, presents how the respiratory muscles become fatigued during heavy endurance 
exercise.  The next section defines IMT and how IMT helps to improve endurance performance 
(Holm et al., 2004; Inbar et al., 2000, Romer et al., 2002).  The last section, IMT, Anaerobic 
Power, and Cycling, presents what the Wingate Anaerobic Test is and the different energy 
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sources used during the test (Smith & Hill, 1991).  The section then presents how IMT may 
affect anaerobic power while cycling (Johnson et al., 2007).   
Respiratory muscles and endurance performance.  The major muscle involved during active 
inspiratory muscle function is the diaphragm.  During exercise the intercostals and scalene 
muscles (accessory muscles) become actively involved in order to raise the ribs (Guenette & 
Sheel, 2007; Roussos & Macklem, 1982). The diaphragm, like any other skeletal muscle, is just 
as susceptible to fatigue during high intensity activity and has the ability to be trained as any 
other skeletal muscle (Guenette & Sheel, 2007, Inbar et al. 2000).  As defined by the National 
Heart, Lung, and Blood Institute, fatigue is “a loss in the capacity for developing force and/or 
velocity of a muscle, resulting from muscle activity under load and which is reversible by rest”.  
As exercise intensity increases, the diaphragm and accessory muscles begin to fatigue.  Fatigue 
occurs in both highly trained athletes and sedentary humans (Guenette & Sheel, 2007; Johnson et 
al., 1993).  Respiratory muscle fatigue occurs during voluntary hyperpnea and after intense 
endurance activities (Inbar et al., 2000).  Fatigue, along with the increased work of breathing, 
exercise induced hypoxemia, and dyspnea all are a part of one’s respiratory limitation to intense 
endurance exercise (Romer & Polkey, 2008; Vogiatzis et al., 2007).   
 As exercise intensity increases, so does one’s work of breathing.  The higher intensity 
requires a larger amount of oxygen for respiratory and locomotor muscles, which in turn causes a 
competition of the blood flow between these two areas (Wetter, Harms, Nelson, Pegelow, & 
Dempsey, 1999; Harms et al., 1998; Volianitis et al., 2001).  It has been suggested that the 
diaphragm has a higher capillarity and oxidative capacity that the locomotor muscles, which may 
create a greater metabolic potential than one would expect, therefore needing more oxygen to 
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function properly (McConnell & Sharpe, 2005).  Increased work intensity also causes more work 
for the diaphragm, leading to a higher degree of diaphragmatic fatigue (Vogiatzis et al., 2008). 
 Diaphragmatic fatigue has been measured in different ways.  A technique used to 
measure diaphragmatic fatigue is supramaximal bilateral phrenic nerve stimulation (BPNS).  
Johnson et al. (1993) used the BPNS technique in order to measure diaphragmatic fatigue in 12 
male subjects ranging from sedentary to highly trained athletes.  Diaphragmatic twitches were 
measured by contraction time and relaxation time of the diaphragm.  Diaphragm muscle force 
was measured by performing maximal inspiratory maneuvers against an occluded airway.  Prior 
to exercise, BPNS, diaphragmatic twitches, and diaphragm muscle force were measured.  The 
subjects performed an exercise test to exhaustion at 90-95% or 80-85% of their VO2max.  
Immediately following exhaustion the diaphragm tests were performed again.  After the exercise 
test to exhaustion, ventilation rate increased by an increase in breathing frequency. VO2max was 
negatively related to diaphragm fatigue.  As VO2 increases diaphragm twitch significantly 
decreased, especially at intensities above 85%.  During prolonged high intensity exercise, the 
inspiratory muscles, particularly the diaphragm, must produce and maintain a high breathing rate 
while also working at a high percentage of their maximal pressure generation.  Fatigue occurs 
because the diaphragm cannot keep up with the force development needed to maintain hypernea.  
High intensity endurance exercise causes diaphragmatic fatigue because of the increased minute 
ventilation, diaphragmatic work, respiratory muscle VO2, and the buildup of metabolic-end 
products from the locomotor muscles.  
 Many studies reviewed used only male subjects.  Before coming to conclusions about 
respiratory muscle fatigue, it is important to determine whether males and females have the same 
response to fatigue.  To compare any differences in inspiratory muscle fatigue in both males and 
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females, Ozkaplan, Rhodes, Sheel, and Taunton (2005) studied the effect of diaphragm fatigue in 
18 males and 16 females.  Prior to any exercise test, each subject performed a maximal 
inspiratory pressure (MIP) test and a hand grip maneuver (to test for motivation).  VO2max was 
performed on a bicycle ergometer.  Following volitional fatigue from the maximal test, subjects 
performed the maximal inspiratory pressure test and hand grip maneuver.  After the maximal 
test, both males and females exhibited a significant decrease in maximal inspiratory pressure.  
The authors, therefore, concluded that both males and females experience respiratory muscle 
fatigue.  
 Some may argue that highly trained athletes are not susceptible to diaphragmatic fatigue 
due to their high amount and intensity of training (Coast, Clifford, Henrich, Stray-Gunderson, & 
Johnson, 1990).  In order to test this argument, Babcock et al. (1996) investigated the effects of 
maximal oxygen consumption on exercise-induced diaphragmatic fatigue.  Babcock et al. (1996) 
hypothesized that subjects with a greater aerobic capacity would be protected completely or at 
least partially from exercise-induced diaphragmatic fatigue.  Sixteen subjects underwent a series 
of pulmonary function and exercise tests.  Throughout the exercise tests, diaphragm fatigue was 
measured through the BPNS technique.  After the maximal exercise test, subjects were split into 
either a high fit group or a fit group based on their VO2 max value.  The data illustrates that the 
high-fit group was not protected from exercise-induced diaphragm fatigue after whole body 
intense exercise because of an increased aerobic capacity (Babcock et al., 1996; Romer et al, 
2002). 
 Recent studies have investigated the effects of hypoxia on respiratory muscle fatigue and 
found that equal amounts of respiratory muscle fatigue occur during hypoxic and normoxic 
conditions.  Vogiatzis et al. (2006) investigated if diaphragmatic fatigue in highly fit individuals 
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is due to arterial hypoxemia or blood flow competition between the respiratory and locomotor 
muscles. The authors reasoned that if the hypoxemic exercise bout produced greater respiratory 
muscle fatigue than the normoxemic bout, then hypoxemia is the cause of respiratory muscle 
fatigue.  Ten nationally ranked male cyclists cycled for 5 minutes at either 80% of their 
maximum work rate determined by a maximal incremental test or at 90% of maximal work rate.  
The 80% work rate test was performed breathing room air (21% oxygen (normoxia)), while the 
90% test was performed breathing 50% oxygen (hyperoxia).  Diaphragmatic fatigue, partial 
pressure of oxygen and carbon dioxide in the arterials, and percentage of oxygen saturation were 
measured during the bicycling tests.  Results of the diaphragmatic fatigue for the two different 
intensities indicated that 10 minutes after exercise, fatigue was higher at 90% work rate in the 
normoxemic environment.  Therefore, arterial hypoxemia is not the main reason for 
diaphragmatic fatigue.  Vogiatzis et al. (2006) concluded that diaphragm blood flow was 
decreased during the high work rate in order to deliver blood to the working leg muscles, 
therefore causing diaphragmatic fatigue.  This competition for blood flow between the 
respiratory muscles and locomotor muscles appears to be the main cause of diaphragmatic 
fatigue. 
 A follow up study used only those nationally ranked cyclists who elicited exercise 
induced arterial hypoxema (EIAH). Vogiatzis et al. (2007) investigated if superimposed hypoxia 
on EIAH would aggravate the exercise induced diaphragmatic fatigue found in endurance 
athletes.  In order to accomplish this, during exercise testing the respiratory muscle load 
remained constant while the fraction of inspired oxygen changed.  Vogiatzis et al. (2007) stated 
as respiratory muscle work remained constant while varying fraction of inspired oxygen, the 
lower work rate in hypoxia would require lower blood flow in the leg, compared to normoxia.  
11 
 
Therefore, the blood flow available to the respiratory muscles would be greater in hypoxia.  The 
hypothesis stated that hypoxia would not cause greater diaphragmatic fatigue than in normoxia 
because the greater blood flow available to the respiratory muscles in hypoxia would compensate 
for the effects of arterial hypoxemia.  The subjects performed four 5-minute exercise tests 
varying in intensities and fraction of oxygen inspired.  These included 90% of maximal work rate 
breathing 26% oxygen (hyperoxia), 85% maximal work rate breathing room air (normoxia), 80% 
maximal work rate breathing 17% oxygen (mild hypoxia), and 65% maximal work rate breathing 
13% oxygen (moderate hypoxia).  These were all set to produce the same tidal volume, breathing 
frequency, and diaphragmatic work throughout the exercise test.  The hypoxia aggravated 
diaphragmatic fatigue, even though there was an increase in respiratory blood flow available.  
The evidence of diaphragmatic fatigue aggravated by hypoxia, further suggested that an increase 
in diaphragmatic blood flow was insufficient to compensate for the low pressure of oxygen in the 
arterials.  The greater fatigue found in hypoxia implies the diaphragm’s energy demand was 
greater than the supply, therefore causing the diaphragm to use anaerobic energy processes, seen 
by the increase in lactate found in the respiratory muscles.  Following the hyperoxic exercise, 
there was greater diaphragmatic fatigue compared to normoxia.  Hypoxia during exercise 
increased diaphragmatic fatigue due to the low levels of oxygen saturation and the greater 
requirements of oxygen needed for an increase in exercise intensity.   
 Another follow up study performed by Vogiatzis et al. (2008) investigated if greater 
amounts of diaphragmatic fatigue in hypoxia (as stated in their research from 2007) are due to 
uncompensated hypoxemia, in spite of the increased blood flow to the respiratory muscles, or 
due to hypoxemia combined with a reduced blood flow.  Vogiatzis et al. (2008) hypothesized, if 
respiratory muscle blood flow in hypoxia was greater than normoxia, the fatigue would be due to 
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arterial hypoxemia because the greater amount of blood flow failed to counteract hypoxemia.  If 
the blood flow in hypoxia was similar to normoxia, then the greater fatigue would be due to 
hypoxemia and insufficient respiratory muscle blood flow.  Seven nationally ranked cyclists 
performed three 5 minute cycle tests.  One test was performed at 90% of work rate maximum 
breathing 100% oxygen (hyperoxia), one at 80% work rate maximum breathing room air 
(normoxia), and the third was at 65% of work rate maximum breathing 13% oxygen (hypoxia).  
Cardiac output, diaphragmatic fatigue, and intercostal and quadriceps muscle blood were all 
measured throughout all the three tests.  Relative to work rate, blood flow in the quadriceps was 
greater in hypoxia than normoxia, oxygen delivery was lower in hypoxia and greater in 
hyperoxia, while oxygen extraction was greater in hypoxia versus hyperoxia.  The main finding 
confirmed the previous two studies stating that hypoxia exaggerates diaphragmatic fatigue in 
highly trained endurance athletes during heavy exercise.  Measuring blood flow allowed the 
authors to conclude that at each fraction of oxygen inspired, there was the same amount of blood 
flowing through the intercostals.  Therefore, respiratory muscle blood flow is not increased 
during hypoxia in order to compensate for the reduction of the partial pressure of oxygen in the 
arterials.   
 Research has indicated that diaphragmatic fatigue is present in both fit and highly fit 
individuals (Babcock et al., 1996), in both men and women (Ozkaplan et al., 2005), and occurs in 
greater amounts when one is induced with a hypoxia or hyperoxia environment (Vogiatzis et al., 
2006; Vogiatzis et al., 2007; Vogiatzis et al., 2008).  How can one decide if exercise-induced 
diaphragmatic fatigue, an increased work of breathing, exercise induced hypoxemia, and dyspnea 
are the limiting factor during performance?  To answer this question, Boutellier & Piwko (1992) 
investigated the respiratory system as a limiting factor for exercise in four healthy sedentary 
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subjects.  Subjects performed a breathing endurance test and a cycle test to exhaustion.  The 
breathing test required subjects to have a respiratory rate of 45 breaths/minute at 60-66% of their 
vital capacity until exhaustion.  Subjects then cycled at 80% of their peak work capacity on a 
cycle ergometer until exhaustion.  After these baseline measurements were taken, the subjects 
underwent 4 weeks of respiratory training by breathing for 30 minutes a day for five days a week 
at 50-53% of vital capacity with a breathing frequency of 38 breaths/min.  After the training 
period, breathing to exhaustion and cycle to exhaustion tests were repeated.  Following breathing 
training, subject’s breathing to exhaustion time improved by 268% and their cycle endurance 
time increased by 50%.  This increase in time to exhaustion following training concludes the 
respiratory system as the limiting factor during exercise normal untrained subjects. 
  Using non-athletic but trained individuals, Boutellier et al. (1992) performed a similar 
study.  In order to determine if the respiratory system was the limiting factor for normal trained 
subjects, the subjects underwent four weeks of respiratory muscle training for 30 minutes a day 
and continued on with their normal activity level.  After the four weeks, the subjects improved 
their breathing endurance from 4.2 minutes to 15.3 minutes, their cycling endurance time at 
anaerobic threshold by 50%, and decreased their minute ventilation at a given intensity from 97 
l/min to 64 l/min.  Therefore, in both sedentary and trained individuals the respiratory system 
appears to be a limiting factor during performance.   
 During high intensity exercise, diaphragmatic fatigue occurs in both males and females 
(Ozkaplan et al., 2005), sedentary and highly trained endurance athletes, although endurance 
athletes are able to work at a higher workload than sedentary individuals with the same amount 
as fatigue (Babcock et al., 1996; Boutellier & Piwko, 1992; Boutellier et al., 1992).  This fatigue 
is evident by observing declines in diaphragmatic twitch above exercise intensities of 85% and 
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may be due to the fiber type recruitment in the diaphragm (Babcock et al., 1996; Johnson et al., 
1993).  The most fatigue resistant fibers (type I) are recruited at low ventilatory loads and 
moderately fatigue resistant type IIa fibers are recruited at moderate loads while the least fatigue 
resistant type IIb are recruited for non- ventilatory behaviors such as sneezing.  As intensities 
increase and ventilation increases, type IIa fibers are recruited, leading to diaphragmatic fatigue 
(Siek & Fournier, 1989).  Vogiatzis et al. (2006; 2007; 2008) discovered that exercise induced 
arterial hypoxemia is not the cause of diaphragmatic fatigue and it is most likely related to the 
blood flow competition between the respiratory and locomotor muscles. 
Inspiratory muscle training.  IMT is a method to improve the aerobic capacity, strength, and 
endurance of the respiratory muscles.  This occurs through increasing the oxidative enzyme 
activity, decreasing the diffusion distance from the capillaries to the muscle due to a decreased 
cross-sectional area of type I and type IIa muscle fibers, and increased capillary density 
(Babcock et al., 1996).  This is all dependent upon the load, intensity and duration of the use of 
IMT.  Several studies have used different training lengths and intensities of IMT in order to show 
improvement in performance and respiratory muscle strength.  The lengths of studies have lasted 
anywhere from 4 to 11 weeks with an intensity ranging from 50-80% of one’s MIP (Holm et al., 
2004; Inbar et al., 2000, Romer et al., 2002).  Although these studies have shown performance 
improvements after using IMT, not all studies show this same positive result (Sperlich et al., 
2009; Williams et al., 2002). 
 It has been suggested that IMT lowers ventilation through an increase in tidal volume and 
decrease in respiratory frequency during exercise.  This, reduces respiratory muscle blood flow 
need, and allows the exercising locomotor muscles to benefit from an increase blood flow.  By 
improving the strength and endurance of the respiratory muscles, the blood flow once used by 
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the respiratory muscles when fatigued is now available for the locomotor muscles, therefore 
reducing blood flow competition between the two (Harms et al., 1998 & Harms et al., 2000).  
With an increase in respiratory muscle strength and endurance, an individual’s rating of 
perceived exertion and dyspnea rating have been shown to decrease after at least 4 weeks of IMT 
(Voliantis et al., 2001) 
 Inspiratory muscle training and endurance.  After prolonged or high intensity 
exercise, respiratory muscles are known to become fatigued (Babcock et al., 1996; Inbar et al., 
2000; Johnson et al., 1993; Ozkaplan et al., 2005).  Since inspiratory muscles are capable of 
improving their strength just as skeletal muscles are (Powers et al., 1995), training these muscles 
to improve strength and endurance may allow for an improvement in intense endurance 
performance by decreasing perception of breathlessness and overall RPE during performance 
(Tong et al., 2008) 
 The decreased perception of breathlessness occurring after IMT may be related to the 
reduced amount of fatigue occurring in the respiratory muscles.  Verges et al. (2008) analyzed 
nine different studies that investigated the use of respiratory muscle training.  The hypothesis 
stated respiratory muscle endurance training reduces the perception of increasing respiratory 
work during exercise-induced hyperpnoea.  Each study included a respiratory muscle endurance 
training group and a control group.  The respiratory muscle endurance training group performed 
20 sessions for 4-5 weeks lasting 30 minutes in length, while the control group performed no 
training.  The training group’s resistance was set for a specific tidal volume and breathing 
frequency, set at 60% of maximal voluntary ventilation (MVV).  By the end of the intervention, 
the authors reported a significant increase in vital capacity by 7.9%, forced vital capacity by 
4.3%, and maximal voluntary ventilation by 190% in the training group, but not in the control 
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group.  The training group improved their breathing endurance by at least 590% from baseline 
and increased their cycling time to exhaustion by 19% while the control showed no 
improvement.  The training group significantly reduced their perception of respiratory 
sensations, as measured through RPE, during exercise in accordance with an increased cycling 
time to exhaustion.   
 Cycling time trial performance requires an athlete to work at a very high intensity and 
workload, where only seconds can be the difference between first and second place.  Improving 
one’s time trial performance would greatly benefit the cyclist.  Romer, McConnell, & Jones 
(2002) examined the effects of specific IMT on endurance performance in trained cyclists.  In 
order to evaluate the effects of IMT, two different intensities were used.  Sixteen trained male 
cyclists participated in the study in either an experimental (IMT) or a placebo group for 6 weeks.  
Prior to the beginning of the intervention, a series of pre-tests were measured.  These pre-tests 
included pulmonary function tests, maximal inspiratory pressure (MIP), maximal incremental 
exercise test, a 20 km and 40 km stimulated time trial.  The IMT group performed 30 inspiratory 
efforts twice a day against 50% of their MIP.  The placebo group performed 60 slow breaths at 
15% of their MIP.  After the 6 weeks of the intervention, the IMT group increased their MIP and 
increased maximal power of the respiratory muscles.  When working at power outputs of 90-
100% of maximal exercise, the IMT group increased their tidal volume, and as a result minute 
ventilation at 100% of maximal VO2 increased as well.  IMT subjects also reported lower ratings 
of perceived exertion during all workloads.  Following the intervention, the IMT group improved 
and out-performed the placebo group in both the 20-km and 40-km time trial performance.  The 
main findings following the 6 weeks were that IMT lowered the perceptual response to maximal 
incremental exercise and improved both 20 km and 40 km time trial performance.   
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 Gething et al. (2004) assessed the effect of a 10-week IMT on respiratory muscle 
performance and whole body exercise endurance.  It was hypothesized that the IMT would 
significantly improve cycling endurance capacity over any improvements seen in a placebo or 
control group.  Fifteen men and women were included in the study.  Subjects performed lung 
function tests, VO2max test, and an exercise to exhaustion test.  Subjects were split into a training 
group who performed IMT, a placebo group, and a control group.  The IMT group performed 
resistive training through a flow resistive device three days a week, at 80% of their maximal 
inspiratory pressure, for 10 weeks.  The placebo group performed the same training but their 
flow resistance was much less than the training group, which was not stated in the research.  The 
control group performed no training at all.  After 11 weeks of the intervention, the IMT group 
significantly improved their MIP exercise time to exhaustion on a cycle ergometer, decreased 
their heart rate at 10, 20, and 30 minutes of the cycle test, decreased their ventilation at 20 and 30 
minutes during the cycle test, and decreased their rating of perceived exertion.  The subjects 
involved in the IMT were able to lower their heart rate, ventilatory rate, and perceptual response 
to a constant workload exercise, and improved their cycling time to exhaustion.     
 Holm et al. (2004) investigated whether respiratory muscle endurance training would 
result in an increase in ventilatory response to constant work-rate endurance exercise.  Twenty 
subjects were divided into either a training group, control group, or a placebo training group.  
Prior to the training period, subjects performed lung function tests, VO2max test, constant work 
rate cycling endurance test, a cycling time-trial test, respiratory endurance test, and maximal 
inspiratory pressure.  Ratings of perceived exertion were recorded during all cycling tests.  The 
training group performed a particular ventilatory target with a set tidal volume and breathing 
frequency for 30 minutes.  The placebo group followed the same training protocol as the training 
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group with only a 5 minute session.  The control group performed no training.  After the 4 week 
intervention, the training group increased endurance capacity of the respiratory muscles and 
improved the cycling time-trial performance, while the placebo and control groups did not.  
Toward the end of each endurance test, there was an increase in pulmonary ventilation from 100 
L/min to 125 L/min in the training group but not in the placebo or control group.  This increase 
in ventilation was due to an increase in breathing frequency without an increase in tidal volume.  
The training for this particular subject group was endurance training and not strength training for 
the respiratory muscles, therefore the overall strength of the subjects respiratory muscles did not 
increase after training, but overall ventilatory endurance increased by 12%.  The subjects were 
able to tolerate a greater ventilatory load without an increase in dysnpea after respiratory muscle 
endurance training.   
 Several studies have attempted to improve only respiratory muscle strength by using 
strength training protocols, and not endurance training.  Sonetti et al. (2001) investigated the 
effects of specific respiratory muscle training by using strength and endurance training on 17 
competitive male cyclists, 5 times a week for 5 weeks.  Subjects were split into a placebo group 
and a training group.  The training group participated in hypernea endurance training and 
inspiratory resistive strength training.  Hypernea training consisted of 30 minutes of dynamic 
respiratory muscle work with a breathing frequency of 50-60 breaths per minute set to a 
metronome.  The IMT group breathed through a threshold trainer at 50% of their maximal 
inspiratory pressure for 40 breaths.  The placebo group used a breathing device for 30 minutes a 
day, 5 days a week for 5 weeks.  Following the 5 weeks of respiratory muscle training, the 
training group significantly increased their MIP by 8%; peak work rate achieved during a cycling 
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VO2max test by 26%, and improved their 8 km time trial performance by 2.5%.  Other studies 
have also tested the effects of IMT on exercise performance.   
 Inbar et al. (2000) hypothesized that a specific respiratory muscle training program would 
help to improve exercise performance and aerobic capacity in well trained endurance athletes.  
Subjects were divided into an experimental training group or a control sham group.  The subjects 
in the training group started their IMT at 30% of their MIP for the first week of training and then 
increased by 5% every session after that until 80% of MIP was achieved.  IMT was performed 
for 30 minutes one time a day, six days a week for 10 weeks.  The control group received the 
same training but with no resistance.  Following training, respiratory muscle strength increased 
from 142 cm H2O to 177 cm H2O and respiratory muscles endurance significantly increased 
from 121 cm H2O to 154 cm H2O in the training group, but did not in the control group.  This 
indicates that endurance trained athletes are still limited by their respiratory muscles and can 
improve their performance by increasing their respiratory muscle strength. 
 Diaphragmatic fatigue occurs equally in both males and females (Ozkaplan et al., 2005).  
Guenette et al. (2006) investigated the effects of respiratory muscle training on exercise 
performance and to determine if sex based differences exist.  At baseline males and females 
underwent pulmonary function tests, a VO2max, and a cycling time to exhaustion test at 80% of 
VO2max.  Subjects performed resistive loaded respiratory muscle training five days a week for 
five weeks.  Resistance was set at 50% of maximal inspiratory pressure and the subjects 
performed two sets of 30 breaths.  After the five week training period, all subjects significantly 
improved their maximal inspiratory pressure by 37% and their cycling time to exhaustion by 50 
seconds, with no difference between males and females.  Overall, respiratory muscle training 
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improved maximal inspiratory pressure and cycling time to exhaustion in both males and 
females.   
 McConnell & Sharpe (2005) investigated the effects of inspiratory muscle training on 
lactate concentrations on the basis that respiratory muscle training (RMT) can improve tolerance 
of exercise at fixed intensities above lactate threshold.  The purpose of the study was to examine 
the influence of inspiratory muscle training (IMT) on lactate concentrations and cycling power at 
the maximum lactate steady state (MLSS).  The authors hypothesized that IMT would decrease 
lactate at MLSS and increase power output associated with MLSS.  Included in the study were 
12 recreationally active subjects.  The subjects were divided into two different groups; one group 
performed IMT for six weeks at a load equivalent to 50% of their maximal inspiratory pressure 
(MIP) twice daily for 30 breaths, while the placebo group performed 60 breaths at 15% of their 
MIP.  Following the six weeks, subjects who performed IMT at 50% of their MIP significantly 
lowered their lactate concentration by 1.17 mmol at their MLSS.   
 Not only has inspiratory muscle training (IMT) been shown to improve cycling time trial 
performance but also rowing performance.  Volianitis et al. (2001) investigated the effect of IMT 
on rowing performance.  Fourteen competitive female rowers were either in an IMT or placebo 
training group for 11 weeks.  The training group performed 30 inspiratory breaths twice daily 
against a resistance equal to 50% of their maximal inspiratory pressure (MIP) using an 
inspiratory muscle breather.  The placebo group trained using the same device breathing 60 times 
once a day at 15% of their MIP.  Following the 11 week training period, there was a significant 
improvement in MIP by 45%, the distance covered in the six minute all out rowing test increased 
by 3.5%, and a significant 3% decrease in the time it took to row 5000 meters in the training 
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group.  Following the six minute test respiratory muscle fatigue improved from baseline by 11%, 
as measured through maximal inspiratory pressure prior to exercise and directly after.    
 Klusiewicz, Borkowski, Zdanowicz, Boros, & Wesolowski (2008) investigated the 
effects of an 11 week inspiratory muscle training program in highly-trained rowers.  Fifteen elite 
male rowers were recruited and divided into a training group and a control group.  The training 
group performed 30 inspiratory breaths twice a day using a threshold inspiratory muscle trainer.  
The first six weeks, the threshold was set to 62% of subjects’ maximal inspiratory pressure, and 
the last five weeks increased to 77% of their MIP.  The control group performed no IMT and 
continued on with their normal training routine.  Following the 11 week training program, MIP 
improved by 20%, but there was no relationship with VO2max; therefore aerobic capacity was 
unrelated to the strength of the inspiratory muscles.   
 Tong et al. (2008) examined the change in inspiratory muscle function after inspiratory 
muscle training (IMT) and its associated changes in the sensation of breathlessness, perceived 
exertion, and the resistance to fatigue during bouts of high-intensity intermittent running to 
exhaustion.  Thirty college aged males were split into one of three groups: a control group, 
placebo group, or an IMT group.  The IMT group performed 30 inspiratory breaths twice a day 6 
days a week for 6 weeks against a load equal to 50% of their maximal inspiratory pressure 
(MIP).  The placebo group performed the same procedures only against 15% of their MIP, while 
the control group had no training.  The IMT group was able to improve the function of their 
respiratory muscles through improving their MIP by 30%.  Following the training, the IMT 
group had significantly reduced their dyspnea rating during and after the intermittent run and had 
significantly improved their exercise time by 16%.   
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 It has been previously found that hypoxia exaggerates diaphragmatic fatigue. Downey et 
al. (2007) examined the effects of inspiratory muscle training on exercise responses in normoxia 
and hypoxia.  Downey et al. hypothesized that IMT would lead to an increase in diaphragmatic 
hypertrophy, inspiratory muscle strength and endurance, and decreased VO2, cardiac output, 
dyspnea, and RPE during hypoxic exercise.  Pre-testing included pulmonary function tests, 
incremental maximal exercise test, and treadmill test to exhaustion at 85% VO2max.  The 
treadmill test was either performed breathing room air (21% oxygen) or breathing hypoxic gas 
(14% oxygen).  After the submaximal exercise tests, subjects showed similar levels of 
respiratory muscle fatigue as measured by decreases in MIP directly following exercise.  
Subjects were divided into a control group and an inspiratory muscle training (IMT) group.  The 
IMT group performed 40 maximal inspirations at 50% of maximal inspiratory pressure (MIP) 
twice a day, five days a week for four weeks.  The control group trained with a load at 15% of 
MIP.  After four weeks of IMT training, diaphragm thickness increased significantly at end-
inspiration.  When measuring for respiratory muscle fatigue post exercise, the IMT group 
significantly increased their MIP in both normoxia and hypoxia, therefore a decrease in 
respiratory muscle fatigue occurred after IMT training by 10%.  During the exercise tests in a 
hypoxic condition, the IMT group significantly decreased their VO2 by 8-12% during minutes 
three and six, their VE by 25%, cardiac output decreased by 13% at minute five, and lung 
diffusion capacity was greater at minute five all compared to the control group.  Percent oxygen 
saturation (SaO2) increased significantly during exercise by 5% in the hypoxic condition.  
Ratings of perceived exertion and dyspnea ratings all decreased during the submaximal exercise 
test.   
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 Eastwood, Hillman, & Finucane (2001) compared inspiratory muscle strength and 
endurance between six endurance athletes and six sedentary subjects.  Eastwood et al. (2001) 
discovered that endurance athletes could exercise longer and had a higher VO2max by 20 
mL/kg/min, when compared to the sedentary subjects.  There was no significant difference 
between maximal inspiratory pressure after exercise in both endurance athletes and sedentary 
subjects but endurance athletes had greater inspiratory muscle endurance than the sedentary.  
Endurance athletes respiratory muscle endurance reached 85% of their MIP, while the sedentary 
subjects reached 75% of their MIP.  The difference seen in the subjects were in different 
breathing patterns between the two different groups.  Sedentary subjects tended to have a lower 
tidal volume and a greater breathing frequency than the endurance athletes, which is often seen 
when the respiratory muscles are heavily loaded (Suprinski, Clary, Bark, & Kelsen, 1987).  
 Adding IMT to an individual’s training program whether it be cycling, running, or 
rowing will enhance one’s respiratory muscle strength, improve time trial performance and 
exercise time to exhaustion, decrease dyspnea perception and RPE during high intensity exercise 
(Gething et al., 2004; Guenette et al., 2006; Holm et al., 2004; Inbar et al., 2000; Johnson et al., 
2007; Klusiewicz et al., 2008; McConnell et al., 2005; Romer et al., 2002; Tong et al., 2008; 
Verges et al., 2008; Volianitis et al., 2001).  IMT has also shown to improve hypoxia during 
exercise by 5% and allowed the athlete to exercise for a longer period of time (Downey et al., 
2007).   
IMT, Anaerobic Power, and Cycling.  During a time trial, a cyclist is racing against the clock, 
the rider needs to get from one point to the next as fast as possible.  Most likely the cyclist is 
working at a high intensity that will elicit respiratory muscle fatigue, causing blood flow 
competition between the respiratory and the locomotor muscles.  Many of the studies previously 
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reviewed have noted that the diaphragm and accessory muscles usually prevail, therefore causing 
a decrease in blood flow to the locomotor muscles causing them to fatigue (Gething et al., 2004; 
Harms et al., 1998; Johnson et al., 2007; Romer et al., 2002; Tong, Fu, Chung, Eston, Lu, Quach, 
et al., 2008; Verges, Boutellier, & Spengler, 2008; Voliantis et al., 2001; Wetter et al., 1999).   
 The majority of IMT studies have shown positive results after training (Gething et al., 
2004; Guenette et al., 2006; Holm et al., 2004; Inbar et al., 2000; Johnson et al., 2007; 
Klusiewicz et al., 2008; McConnell et al., 2005; Romer et al., 2002; Tong et al., 2008; Verges et 
al., 2008; Volianitis et al., 2001).  Therefore, if it is possible to reduce respiratory muscle fatigue 
by increasing respiratory muscle strength and endurance than there would be a decrease in blood 
flow needed for the respiratory muscles and an increase in blood flow to the locomotor muscles 
(Gething et al., 2004; Johnson et al.,2007; Romer et al., 2002; Tong et. al., 2008; Verges et al.,  
2008; Voliantis et al., 2001).  Increased blood flow would allow for more oxygen delivery to the 
tissues therefore less fatigue.  Following IMT, dyspnea and RPE have been reported to decrease, 
therefore perception of breathing sensation and overall feeling of exercise intensity have 
decreased.  With a decrease in perception of how hard exercise is, a subject has the ability to 
maintain those higher workloads for a longer period of time.   
 The Wingate Anaerobic Test consists of 30 seconds of supramaximal cycling exercise 
against a frictional resistance determined relative to the subject’s body weight (Patton et al., 
1985).  Smith & Hill (1991) investigated the contribution of energy systems during a Wingate 
power test and discovered peak power and ATP-PC power peaked within the first 5 seconds of 
the test.  The glycolytic energy system primarily contributed for the middle 10-15 seconds while 
the aerobic energy system primarily contributed during the last 25-30 seconds.  Over the 30 
second time period, 56% of energy was from glycolysis, 28% came from ATP-PC stores, while 
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16% came from aerobic metabolism.  Therefore although the Wingate test is considered 
anaerobic, the test is not 100% anaerobic.  Because of this, it is possible that IMT may help 
improve power as determined from a Wingate Anaerobic test.   
 Johnson et al. (2007) examined whether inspiratory muscle training improved cycling 
time trial performance and critical power and/or anaerobic work capacity.  Eighteen competitive 
male cyclists were randomly assigned to either a pressure-threshold inspiratory muscle training 
(IMT) group or a sham hypoxic training placebo group.  Prior to training each subject underwent 
a 25 km time trial, three constant power cycling tests, lung function tests, and determination of 
maximal inspiratory pressure.  For six weeks, the IMT training group performed 30 breaths 
against 50% of their maximal inspiratory pressure twice a day.  The placebo group used a sham 
hypoxic trainer for 15 minutes five days a week.  Following the six weeks, subjects in the IMT 
group showed improvements in their maximal inspiratory pressure by 17%, time to finish the 25 
km time trial decreased by one minute, about 3% of total work.  Anaerobic work capacity 
increased during a cycling endurance test by 5 kJ, cycling endurance time improved by 17%, and 
subjects were able to maintain higher power outputs.  These results were not seen in the control 
group.  In both groups there was no change in critical power.  There were no changes in 
physiological responses in either group, even though the IMT group did improve their power 
output.  The improvement in the time trial performance in the IMT group may be due to the 
subjects being able to sustain a higher intensity of exercise for the same metabolic and 
cardiovascular demand.   
 As stated before, if an individual increases their respiratory muscle strength following 
IMT (Gething et al., 2004; Guenette et al., 2006; Holm et al., 2004; Inbar et al., 2000; Johnson et 
al., 2007; Klusiewicz et al., 2008; McConnell et al., 2005; Romer et al., 2002; Tong et al., 2008; 
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Verges et al., 2008; Volianitis et al., 2001) there could be a potential decrease of blood flow 
needed for the respiratory muscles since they are not fatiguing as quickly, and allows for a 
greater blood flow to the locomotor muscles (Gething et al., 2004; Johnson et al., 2007; Romer et 
al., 2002; Tong et. al., 2008; Verges et al.,  2008; Voliantis et al., 2001).  Following a 15 km time 
trial if there is less fatigue occurring in the respiratory and locotmotor muscles than a subject 
may have more to give during the final 30 second sprint of a time trial.   
Summary 
 Diaphragmatic fatigue occurs after prolonged high intensity activity in sedentary and elite 
athletes, possibly due to fiber recruitment (Babcock et al., 1996; Boutellier et al., 1992; Johnson 
et al., 1993; Sieck et al., 1989).  Fatigue is a cause of a decrease in force production, seen in the 
diaphragm through a decrease in diaphragm twitch production (Johnson et al., 1993).  IMT has 
shown positive results in improving respiratory muscle strength and endurance, decreasing the 
onset of fatigue, and improving athletic performance (Gething et al., 2004; Guenette et al., 2006; 
Holm et al., 2004; Inbar et al., 2000; Johnson et al., 2007; Klusiewicz et al., 2008; McConnell et 
al., 2005; Romer et al., 2002; Tong et al., 2008; Verges et al., 2008; Volianitis et al., 2001).  If 
there is less fatigue occurring in the respiratory and locomotor muscles following a 15 km time 
trial than a participant would have more power to put into the final 30 second sprint of a time 
trial.   
 The Wingate anaerobic test does not use 100% anaerobic energy sources, Smith et al. 
(1991) measured 16% of the test requires aerobic energy metabolism, therefore requiring oxygen 
to be delivered to the working tissues.  Since IMT improves performance and blood flow to the 
locomotor muscles it has potential to improve power outputs during the Wingate test, which has 
not yet been studied.   
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Chapter III 
Methods and Procedures 
 
Introduction 
 The purpose of this study was to determine if IMT improves the performance of cyclists 
during the last 30 seconds of a simulated 15 km time trial.  Specifically, the study examined how 
IMT could potentially affect the results of a 30 second all out power test.   
Description of Study Population 
 The study population consisted of 22 male and female competitive cyclists between the 
ages of 18-45years.  All subjects used in the study have competitive racing experience and were 
in their preseason training schedule.  Prior to collecting any data, the process was reviewed by 
the university’s Human Subjects Committee and participants signed an informed consent.    
Design of the Study  
 A multiple-participant, two- way mixed design was conducted for the Wingate anaerobic 
test.  Participants were randomly assigned to either an IMT group or a placebo group.  Subjects 
performed two Wingate tests, one prior to training and one after training.  The Wingate tests 
were performed immediately after a simulated 15-kilometer time trial with less than 10 seconds 
between the two tests.  The purpose of the Wingate test was to determine if there were any 
changes in peak and mean power following a simulated 15-km time trial.  Maximal Inspiratory 
Pressure (MIP) was measured prior to starting the study, at the beginning of every week for 6 
weeks, and at the conclusion of the study.  The pre-test values and weekly values were used to 
set the workload at 85% of MIP for the IMT group and 15% for the placebo.  The dependent 
variables were peak and mean power, determined from the Wingate test.   
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Data Collection Procedures 
 Instrumentation.  The simulated 15-km time trial was performed in the Exercise 
Physiology Laboratory at Western Washington University on the subject’s own bicycle 
connected to a Blackburn Fluid stationary trainer.  The distance was measured by a bicycle 
odometer.  During the time trial, heart rate, ratings of perceived exertion (RPE), and arterial 
oxygen-hemoglobin saturation (SaO2) every five minutes during the time trial, and the time to 
complete the time trial.  The Wingate test was performed on a Monark cycle ergometer that was 
interfaced with a computer to provide data including the number of revolutions and latency over 
the 30 second time period at an effort relative to the participant’s body weight (0.075 kp*kg-1).   
The IMT apparatus used for training the inspiratory muscles at 85% of MIP was the 
commercial product Powerbreathe, (Southam, Warwickshire, UK).  The Powerbreathe is a 
pressure-threshold device developed to the train the inspiratory muscles.  MIP was determined 
from a device in the Exercise Physiology Laboratory at Western Washington University by 
performing one maximal inhalation against a closed valve.  The IMT training protocol consisted 
of performing five sets of twelve repetitions breathing through the training device.  The 
resistance for the training group was set at 85% of MIP, while the resistance for the placebo 
group was set at 15% of MIP, for six weeks. 
 Measurement techniques and procedures.  The researcher initially explained the study 
and the time involved to the cyclists.  Before any testing began, the participants were informed of 
the testing procedures and were provided with an informed consent document.  The researcher 
also explained to the cyclists that they would be involved either in a placebo group or a training 
group, each performing IMT five days a week for 6 weeks.  Each session of IMT consisted of 
five sets of twelve repetitions on the IMT trainer at 85% for the training group or 15% for the 
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placebo group, of their MIP.  The cyclists were aware the purpose of the study was to determine 
the effects of IMT on peak and mean power following a stimulated 15 km time trial.  Subjects 
continued on with their pre-season workouts while any testing and training took place.   
 Subjects were instructed not to participate in any high intensity activity the day before 
testing in order to avoid any carry-over fatigue into testing.  The week before IMT training was 
initiated, subjects performed a simulated 15-km time trial.  They were allowed to warm up for 
five minutes and then after five minutes the subjects were instructed to finish the 15-km time 
trial as fast and hard as they could.  Verbal encouragement was made to all subjects during the 
time trial effort.  HR, RPE, and SaO2 were checked every five minutes.  Heart rate was measured 
from a Polar heart rate monitor.  SaO2 was recorded using a Sportstat Pulse Oximeter (Plymouth, 
MN), placed on the index finger of the right hand.  Ratings of perceived exertion were measured 
using the Borg 6-20 scale.  Once the bicycle odometer stated 15 km, the ride was terminated and 
subjects were instructed to immediately perform the Wingate Anaerobic Power test on the 
Monark cycle ergometer.  Participants spent less than 10 seconds between the time trial and the 
Wingate test.   
 The Wingate Anaerobic Power Test measures peak and mean anaerobic power in watts 
over a 30 second trial.  The resistance used is relative to each subject’s body weight (0.075 
kp*kg
-1
).  Subjects were instructed to pedal as fast as they could during the 30 second test while 
the computer counted the revolutions of the flywheel.   
 Training program description.  Cyclists in both groups performed IMT training five 
times per week for six weeks.  During this time each subject trained on the IMT threshold trainer 
and performed five sets of 12 repetitions at 85% or 15% of their MIP.  The IMT trainer requires 
subjects to breathe deeply and forcefully against a resistance in order to receive any air through 
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the trainer.  Each subject was required to breathe though the trainer five days per week for six 
weeks.  Every week the subjects were retested for their MIP in order to maintain the pressure at 
85% or 15% of their MIP.  Subjects were given as much time as they needed between sets.   
Data Analysis 
 Two way mixed ANOVAs with one repeated factor was applied to test for differences 
across the tests (repeated factor) and between the two groups.  The dependent variables analyzed 
included peak anaerobic power and mean anaerobic power.  Significance was defined as a p-
value less than 0.05.  The collected heart rate, RPE, and SaO2 data during the time trial was 
averaged from the 5 minute increments and then used to perform an independent t-test test with 
these averaged values.   
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Chapter IV 
 
Results and Discussion 
 
Introduction 
 The purpose of this study was to examine the effects of Inspiratory Muscle Training 
(IMT) on anaerobic power in cyclists.  The design of the study was to determine if six weeks of 
IMT improved anaerobic peak power and mean power, maximal inspiratory pressure (MIP), time 
to complete a 15 kilometer time trial, oxygen hemoglobin saturation percentage (SaO2), ratings 
of perceived exertion (RPE), and heart rate (HR).  Results pertaining to the analysis are 
presented and discussed following the description of the subjects’ characteristics.   
Subject Characteristics 
 The study population consisted of 18 males and eight females from the local racing 
community.  All subjects were between the ages of 21 and 57 years old, and rode their bike on a 
consistent basis; at least four days per week.  Most subjects were finishing their racing season 
when they began participation in the study, and were instructed to continue on with their habitual 
training schedules.  During the duration of the study three males and one female dropped out of 
the study.  Two males dropped out due to not understanding the requirement of the study to 
actually perform their IMT; one male and one female subject chose to not come back for the 
final time trial because it was too hard and they were afraid it would affect their training.  This 
resulted in a final subject pool of 23 (16 males and 7 females); 12 in the placebo group and 11 in 
the training group.  Table 1 presents the subjects’ characteristics in each group. 
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Subject Characteristic Table 
Table 1: Subject characteristics by group and sex 
Group Sex # of 
subjects 
 Age (years) Height (cm) Weight (kg) 
PL Males 8 Mean 
(±SD) 
39.9 (±10.2) 178.3 (±13.4) 77.4 (±10.5) 
 Females 4  34.0 (±12.3) 168.9 (±3.3) 62.3 (±4.4) 
TR Males 8 Mean 
(±SD) 
36.4 (±9.7) 181.8 (±8.1) 80.8 (±3.6) 
 Females 3  29.4 (±10.2) 166.8 (±6.4) 58.7 (±4.7) 
PL = Placebo Group; TR= Training Group 
 
Results of the study 
 After six weeks of IMT the following results were observed.  Variables measured 
include: MIP, peak anaerobic power, mean anaerobic power, SaO2, RPE, heart rate, and time 
trial time. 
Comparison of the pretest and posttest MIP revealed there was no significant interaction 
effect between the training and placebo groups (F = .288, p = 0.597, ηp
2 
= 0.014).  There was 
however, a significant main effect of time across both groups (F = 44.727, p = 0.00, ηp
2 
= 0.680), 
with no significant difference between groups.  Table 2 shows the average and standard 
deviation of the MIP in cmH2Ofor both groups.  Table 2 also reveals an increase of 28.2% and 
19.8% for the placebo and training groups throughout the training program, respectively.  The 
large increase seen from the placebo group may have been due to the competitive nature of the 
subjects, and as a whole, the group started with an average lower MIP.  These changes can be 
seen in Figure 1.  
Table 2: Placebo and Training maximal inspiratory pressure values 
Group MIP Mean (cm H2O) SD (cmH2O) N 
PL
a 
Pretest 110 40 12 
 Posttest 150 40 12 
TR
a 
Pretest 130 30 11 
 Posttest 160 20 11 
PL = Placebo; TR = Training 
a = significant difference from pre to post 
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Figure 1: Maximal Inspiratory Pressure in cmH2O  
 
 
PL = Placebo; TR = Training 
 
  
 Comparison of the peak anaerobic power data by way of a two-way mixed ANOVA 
revealed there was no group by time interaction effect (F = 3.453, p = 0.077, ηp
2 
= 0.141). There 
was no significant main effect for time from pretest to posttest (F = 0.072, p = 0.791, ηp
2 
= 
0.003).  Table 3 shows the Wingate test anaerobic peak power measured in watts produced in the 
placebo group increased by 7.7% and decreased in the training group by 1.1%.  Determining 
peak power requires a lot of motivation from the participant.  Subjects in the placebo group may 
have had more determination and motivation to try to improve their score from the first time.  
Subjects in the training group may have lost motivation, as seen with a 1.1% decrease in their 
peak power (Karaba-Jakovljevic, Popadic-Gacesa, Grujic, Drapsin, 2007).  Figure 2 
demonstrates the main effect of each group in peak power for both groups. 
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Table 3: Placebo and Training Peak Power values 
Group Peak Power Mean (Watts) SD (Watts) N 
PL
a
 Pretest 622.6 154.3 12 
 Posttest 671.0 139.9 12 
TR
a
 Pretest 796.1 159.8 11 
 Posttest 759.8 109.5 11 
PL = Placebo 
TR = Training 
a = no significant differences from pre to post 
 
 
Figure 2: Peak power values in Watts  
 
PL = Placebo 
TR = Training 
 
Comparison of the pretest and posttest mean anaerobic power data by way of two-way 
mixed ANOVA revealed there was no significant group by time interaction effect (F = 0.811, p 
= 0.378, ηp
2 
= 0.037).  There was however, a significant main effect for time across both groups 
(F = 5.627, p = 0.027, ηp
2 
= 0.211), with no significant difference between groups (F = 3.242, p 
= .086, ηp
2 
= 0.134).  Table 4 shows the average and standard deviation in watts of anaerobic 
mean power for both the placebo and training groups.  The placebo and training groups showed 
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an increase of 8.4% and 3.3% in mean power, respectively. This relationship can be seen in 
Figure 3.  Figure 4 demonstrates the interaction between the two groups after six weeks of IMT. 
 
Table 4: Placebo and Training Mean Power values 
Group Mean Power Mean (Watts) SD (Watts) N 
PL
a
 Pretest 529.6 124.6 12 
 Posttest 574.4 99.3 12 
TR
a
 Pretest 612.3 81.7 11 
 Posttest 632.4 81.7 11 
PL = Placebo; TR = Training  
a = significant difference from pre to post 
 
 
 
Figure 3: Mean power values in Watts  
 
PL = Placebo; TR = Training  
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Figure 4: Mean anaerobic power interaction 
 
  
For both groups, comparison of the pretest and posttest SaO2 measured during the time 
trial effort was analyzed using a  two-way mixed ANOVA, which revealed there was no 
significant group by time interaction effect (F = 1.544, p = 0.228, ηp
2 
= 0.068).  There was, 
however, a significant main effect of time across both groups (F = 11.192, p = 0.003, ηp
2 
= 
0.348).  Table 5 shows the average and standard deviation of SaO2 percentage for both the 
placebo and training groups.  Figure 5 demonstrates the changes seen over the 6 week training 
period.  Figure 6 demonstrates the interaction between the two groups after six weeks of IMT. 
Table 5: Placebo and Training SaO2 during time trial 
Group SaO2 Mean SaO2 
(percentage) 
SD (percentage) N 
PL
a 
Pretest 94.8 2.1 12 
 Posttest 95.3 1.8 12 
TR
a 
Pretest 93.8 1.9 11 
 Posttest 95.1 1.6 11 
PL = Placebo; TR = Training 
a = significant differences from pre to post 
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Figure 5: Oxygen-hemoglobin saturation percentage  
 
PL = Placebo; TR = Training 
 
Figure 6: SaO2 interaction 
 
 
During each time trial, RPE was measured and averaged for all subjects.  Comparison of 
both groups by way of a two-way mixed ANOVA revealed there was no significant group by 
time interaction effect (F = 0.072, p = 0.791, ηp
2 
= 0.003).  There was no significant effect of 
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time in either group (F = 4.036, p = 0.058, ηp
2 
= 0.161).  Each group lowered their average RPE 
value by 2.5% and 3.2% for the placebo and training group, respectively, as seen in Table 6.  
Figure 7 presents the data from RPE during the 6 weeks of IMT.     
Table 6: Ratings of perceived exertion values 
Group RPE Mean (RPE) SD N 
PL
a 
Pretest  16.5 0.9 12 
 Posttest 16.1 1.2 12 
TR
a 
Pretest 16.8 0.9 11 
 Posttest 16.3 0.9 11 
PL = Placebo; TR = Training 
a = no significant difference from pre to post 
 
Figure 7: Ratings of perceived exertion 
 
PL = Placebo; TR = Training 
 
Heart rate was measured and recorded throughout the time trial effort.  Comparison of 
both groups by way of a two-way mixed ANOVA revealed no significant group by time 
interaction effect (F = 1.577, p = 0.223, ηp
2 
= 0.070).  There was no significant effect for time in 
either group (F = 2.362, p = 0.139, ηp
2 
= 0.101).  Table 7 presents the data, with a slight decrease 
in heart rate in both groups by 3.2% in the placebo group and 0.32% in the training group.  
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Figure 8 demonstrates the heart rate values seen during the pretest time trial and post test time 
trial.   
Table 7:  Placebo and Training heart rate during the time trial 
Group HR Mean (BPM) SD (BPM) N 
PL
a 
Pretest 168.2 13.0 12 
 Posttest 162.8 16.9 12 
TR
a 
Pretest 166.7 11.5 11 
 Posttest 166.2 8.2 11 
PL = Placebo; TR = Training 
a = no significant difference from pre to post 
 
Figure 8: Heart rate during time trial 
 
PL = Placebo; TR = Training 
 
Time trial time comparison of both groups was analyzed by way of a two-way mixed 
ANOVA, which revealed no significant group by time interaction effect (F = .587, p = 0.452, ηp
2 
= 0.027).  There was no significant main effect of time (F = 2.339, p = 0.141, ηp
2 
= 0.100).  Table 
8 represents the mean time and standard deviation of the time trial in minutes.  Figure 9 displays 
the time trial time data from baseline to the post test.   
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Table 8: Placebo and Training time trial times 
Group TT Mean (minutes) SD (minutes) N 
PL
a 
Pretest 29.8 4.3 12 
 Posttest 28.9 4.3 12 
TR
a 
Pretest 28.1 3.0 11 
 Posttest 27.8 3.1 11 
PL = Placebo; TR = Training 
a = no significant difference from pre to post 
 
Figure 9: Time trial time 
 
PL = Placebo; TR = Training 
 
Discussion 
 This study attempted to evaluate how IMT would affect anaerobic peak and mean power 
following a 15 km time trial in trained cyclists.  The study also measured the changes in MIP, 
SaO2, HR, RPE, and time trial time were measured following six weeks of IMT. At the start of 
testing, each subject was at the end of their competitive racing season.  Subjects were then 
randomly placed in a placebo or training group.  MIP was analyzed pre-post, while other weekly 
values were used to adjust the workload.  Each subject performed a time trial followed by a 30 
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second Wingate Anaerobic test.  During the time trial measurements recorded included: HR, 
RPE, and SaO2.   
Following six weeks of IMT there was no improvement in peak anaerobic power over 
time in either group.  Motivation can play a large role in determining peak power (Karaba-
Jakovljevic, Popadic-Gacesa, Grujic, Drapsin, 2007).  If a subject was not feeling motivated on a 
particular testing day, or felt the test was uncomfortable, a true peak power may not have been 
reached.  Peak power is typically reached in the first five seconds of the Wingate test, utilizing 
the ATP-PC energy system.  This system was not specifically trained during the current study; 
therefore, peak power was not expected to increase after six weeks of IMT.  Both groups did, 
however, improve their mean anaerobic power over the course of the six week study.  Mean 
anaerobic power averages total power throughout the 30 second Wingate test.  Since the Wingate 
test is not 100% anaerobic, there is a larger aerobic component to mean power when compared to 
peak power (Smith & Hill, 1991).  An increase in SaO2 and MIP may be influenced by a larger 
aerobic contribution because of the noted changes in SaO2.  A greater aerobic contribution may 
be due to a larger MIP and SaO2 which may in turn improve fatigue resistance.  With a larger 
amount of oxygen for the body to use, and less oxygen being consumed by the respiratory 
muscles, the subjects improved mean anaerobic power.   
An improvement in SaO2 percentage in both groups was seen from pretest to posttest.  
Downey et al. (2007) also demonstrated an improvement in SaO2 values in both a training and 
placebo group, by at least 5% when having subjects run in a hypoxic state.  The possible reasons 
for the subjects in the current study to have improved their SaO2 may be related to the time of the 
pretest.  Since subjects were finishing their racing season when the testing began, they may have 
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been still fatigued during the pretest session.  After six weeks without racing, subjects may have 
recovered a bit, therefore increasing their SaO2 from the pretest.   
 Throughout the six weeks, MIP increased in both groups.  Studies looking at a placebo 
and training group have indicated that a placebo group working at 15% of their MIP will not 
significantly improve their MIP (Gething et al. 2004; Inbar et al., 2000; Klusiewicz, Borkowski, 
Zdanowicz, Boros, & Wesolowski, 2008; Romer, McConnell, & Jones, 2002; Sonetti et al., 
2001).  Improvements in MIP observed in the placebo group of this study may be due to the 
competitive nature of each subject.  When measuring MIP for each subject they became very 
competitive with themselves, trying really hard to improve their score week to week.  Although 
not significant, subjects in the placebo group started the treatment at a lower MIP than the 
training group, so there was more room for improvement for the placebo group.  
Although subjects in both groups did improve their time trial time, it was not significant.  
Studies have shown improvement in time trial times after six weeks of IMT.  Romer, McConnell, 
& Jones (2002) used highly trained cyclists in their study, and had them perform a 20 km and 40 
km time trial.  After six weeks of IMT at 50% of their MIP, time trial time improved 
significantly.  The time trial times in the current study did improve after IMT, in both groups, but 
it was not significant.  The length of the time trial used in the current study may not have been 
long enough to show enough improvements in performance, as compared to a 20 km or 40 km 
time trial.   During a longer race there is a higher aerobic contribution to the event.  The 
inclusion of IMT to the subjects training program in Romer and colleagues study may have 
increased the strength and overall endurance of the respiratory muscles.  Therefore, reducing 
fatigue and allowing for greater amount of blood flow to the working muscles allowed the 
subjects to work harder during their time trial, completing the task faster than before initiating 
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IMT.  The subjects in the current study also showed improvements in their time trial time with 
IMT, even though their time trial was a shorter length.   
Improvements in average heart rate during the time trial were not seen in the current 
study.  Gething et al. (2004) found improvements in exercise heart rate after 10 weeks of IMT in 
the training group.  Gething et al. (2004) used a group of men and women who may not have 
been as highly trained as the group of cyclists used in this current study, so any type of training 
may have helped improve exercise heart rate.  The highly trained athletes in the current study 
may explain why no improvements in heart rate were seen.   
 Average RPE throughout the time trials did not improve over time or in either group.  
Previous studies have measured RPE during an exercise test prior to IMT (Gething et al., 2004; 
Holm et al., 2004; Tong et al., 2008; Voliantis et al., 2001).  Following the IMT protocol no 
studies saw improvement in RPE during the given exercise tests either.   
 Since both the placebo and training group showed significant improvements in mean 
anaerobic power, MIP, and SaO2, a review of each group’s activity level was done.  The training 
group on average exercised for 10.6 hours every week, whereas the placebo group exercised for 
10.3 hours every week.  Both groups performed very similar exercise levels, so it is inconclusive 
as to why the placebo group was able to improve just as much, if not more, than the training 
group.   
Summary 
 Adding six weeks of IMT to a highly trained group of male and female cyclists showed 
no significant effect on peak anaerobic power.  Subjects in both the training and placebo group 
significantly improved their mean anaerobic power after six weeks of IMT.  MIP was also 
significantly improved after six weeks in both groups.  Time trial time, average HR and RPE 
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during the time trial did not change, while average SaO2 percentage did increase significantly 
from pre to post in both groups.   
 High performing athletes who are looking to improve their performance, specifically 
increasing their average anaerobic power during a sprint, without a large training increase may 
find IMT helpful.  This is helpful for cyclists since it allows the cyclist to maintain a higher 
anaerobic power output during the final sprint phase of a time trial, where seconds can help 
improve placement.   
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Chapter V 
Summary and Conclusions 
Summary 
 Many studies have demonstrated that during high intense endurance activity, as during a 
time trial, diaphragmatic fatigue occurs and the respiratory muscles potentially steal the blood 
flow needed for the locomotor muscles (Babcock, Pegelow, Johnson, & Dempsey, 1996; 
Gething, Williams, & Davies, 2004; Romer et al., 2002).  Studies have examined ways to 
decrease respiratory muscle fatigue in athletes and improve respiratory muscle strength through 
inspiratory muscle training (IMT) (Holm et al., 2004; Inbar et al., 2000, Romer et al., 2002).  
Athletes, specifically competitive cyclists, are always searching for ways to improve their 
performance during a race.  Time trials are a vital part of a cycling stage race, and seconds can 
be the difference between first and second place.  Romer et al. (2002) specifically looked at IMT 
and time trial performance, and found six weeks of IMT improves cyclists 20 km and 40 km time 
trial time.   
 Many studies have examined IMT and cycling time trial time, cycling time to exhaustion, 
running time to exhaustion, or a six minute rowing performance test, but none have yet to 
examine how IMT may affect anaerobic power (Gething et al., 2004; Guenette et al., 2006; Holm 
et al., 2004; Romer et al., 2002; Sonetti et al., 2001; Tong et al., 2008; Voliantis et al., 2001).  
Therefore, the aim of the current study was to investigate the effects of IMT on anaerobic power 
in trained cyclists. 
 Subjects of this study consisted of 23 (16 males and 7 females) trained cyclists from the 
local racing community.  Subjects ranged between the ages 21 and 57 years old and had been 
racing for at least one year or more.  Each subject was familiar with how to perform a time trial 
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effort and how to give an all out effort for the 30 second Wingate test.  Once recruited, subjects 
were randomly placed into either a placebo or training group.  Prior to the start of any IMT 
training each subject performed a 15 km time trial and 30 second Wingate test, along with 
having their maximal inspiratory pressure measured (MIP).  Training started the week following 
pretesting.  The placebo group performed five sets of 12 repetitions at 15% of their MIP five 
days per week and the training group performed 5 sets of 12 repetitions at 85% of their MIP five 
days per week.  Similar workloads can be seen in a study by Inbar et al. (2000) and Tong et al. 
(2008).   
Subjects met the researcher once a week in the Exercise Physiology Laboratory to 
measure weekly MIP and adjust the resistance as needed to maintain the correct percentage of 
MIP.  Following six weeks of IMT, each subject came back to the Exercise Physiology 
Laboratory for a final posttest consisting of measuring MIP, 15 km time trial time, and a 30 
second Wingate test.  The six weeks of IMT demonstrated that both groups significantly 
improved their MIP, mean anaerobic power, and average oxygen hemoglobin saturation (SaO2) 
during the time trial.  The improvement in MIP (Gething et al. 2004; Inbar et al., 2000; 
Klusiewicz, Borkowski, Zdanowicz, Boros, & Wesolowski, 2008) and SaO2 (Sonetti et al., 2001) 
are in agreement with previous research.  IMT’s effect on mean and peak anaerobic power has 
yet to be previously researched.  Factors that did not change include subjects average HR and 
RPE during the time trial, time trial time, and peak anaerobic power.  SaO2 and mean anaerobic 
power may have increased due to the aerobic contribution to these measurements and potential 
recovery time from the post racing season (Smith & Hill, 1991).  MIP increased in the training 
group due to the large training stimulus, but may have increased in the placebo group due to the 
competitive nature of the subjects or because of a lower pretest baseline.   
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Conclusions 
 Based on the findings of this study there was a significant increase in cyclist’s aerobic 
performance after adding six weeks of IMT to a competitive cyclists training program.  The 30 
second Wingate test showed there were significant increases in mean anaerobic power found in 
both groups of subjects.  Whether subjects were in the placebo or training group, each group 
significantly increased their MIP, showing that it did not matter what resistance the subjects were 
breathing against.  This increase could also be due to the competitive nature of the subjects.  The 
subjects in the placebo group may have seen an increase in their MIP because of their lower 
values at baseline.  Both groups showed an increase in average SaO2 percentage following IMT, 
which may have been due to an adequate amount of recovery from their racing season or from 
the inclusion of IMT into their training.  This study did  
not contain a control group, which may have been helpful to determine if increases in both 
groups were due to the IMT or outside effects.  Since both groups showed improvement in mean 
anaerobic power, MIP, and SaO2, it cannot be concluded that IMT helped the subjects improve 
these factors.   
Recommendations 
 The following recommendations are suggested for further investigations: 
1. Repeat the same study with a control group in order to show a more direct influence of 
IMT on performance. 
2. Conduct a similar study but make the time trial longer or shorter to see if the length of the 
time trial is affected by IMT.   
3. Conduct the same study with more subjects to improve the application of the results.   
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4. Repeat the same study over a longer period of time in the off season to see if IMT has 
any effect.   
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Informed Consent Statement 
Western Washington University 
Physical Education, Health and Recreation Department 
 
 
 
Print Name: ___________________________________________________________________ 
 
 
This study will be conducted to determine if inspiratory muscle training (IMT) will 
increase respiratory muscle functioning, which may enhance cycling peak and mean anaerobic 
power at the end of a 15-kilometer time trial in males and females.  This study will add to the 
existing literature on the effects of IMT in competitive cyclists.  It is relevant as it allows for 
further investigation into whether IMT can improve one’s anaerobic power throughout the end of 
a high intense 15-km time trial.  Improved anaerobic power at the end of a time trial may 
improve overall performance in a cycling competitive event.  Another benefit of this research is 
that the subjects may develop increased strength in their respiratory muscles, allowing them to 
experience improved performance.  Previous athletes have reported feeling less perceived effort 
of breathing due to IMT.   
 All participants will be required to perform two 15-km time trials and two Wingate 
Anaerobic Tests.  Each test will be performed at the beginning of the 6 weeks and at the end of 
the training portion of the research study.  Subjects will be divided into control and experimental 
groups.  At the start of each week, all subjects will have maximal inspiratory pressure (MIP) 
evaluated to adjust for improvements on the IMT device and to control for any changes due to 
regular training effects.  Any subjects who miss more than three sessions will be eliminated from 
the study.   
 
In addition to the above, the experiment group will perform IMT, which consists of:  
 Meeting five days per week for the five-week period 
 Five sets of 12 repetitions will be performed on the IMT apparatus at each session 
 Each session will last approximately 10 minutes 
 
As with any exercise, muscle fatigue may be experienced and muscle injury cannot 
completely be avoided.  Proper warm up and cool down will be utilized to reduce the risk of 
exercise-induced injuries.   The training device requires the subjects to use a mouth piece to blow 
into the apparatus.  The investigator will ensure that all mouthpieces used are cleaned between 
subjects to reduce the risk of any cross-contamination.   
Participation is voluntary and you are free to withdraw any time during the course of this 
investigation.  Data will be analyzed for presentation and/or publication.  No records will be 
made to specific individuals and all records are confidential.  All participants will be given an 
identification number to ensure confidentiality.  Knowledge of individual participation or 
individual performance results will not be shared with anyone.   
I greatly appreciate your willingness to participate as a subject in this study.  If you have 
any questions of comments during the course of the study please contact me directly at (206) 
354-6062 or email courtenay.mcfadden@gmail.com.  I will answer any questions you may have 
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concerning the procedures.  If you have any questions about your participation or your rights as a 
research participant, you can contact WWU Human Protections Administrator, (360) 650-3220.   
 
 
 
       Principle Investigator: Courtenay McFadden 
______________________________________________________________________________ 
 
I have read and understand the procedures for the study described above.  I am aware of the 
potential risks and I agree to participate as a subject in the study described above.  I am at least 
18 years of age.  I understand that I may withdraw from participation at any time during the 
course of the investigation. 
 
Subject Signature: _____________________________________Date:_____________________ 
 
 
A copy of the consent form will be provided to each subject.   
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Human Subjects Activity Review 
1) What is your research question? 
The hypothesis states that inspiratory muscle training (IMT), for six weeks, will result in 
improvements in peak anaerobic power and mean anaerobic power during the last 30 seconds of 
a simulated 15 kilometer time trial.  The final 30 seconds represents the final sprint in a 
competitive time trial.  The sprint consists of an all out effort put in by the athlete to finish the 
race with any power that is left.  The main purpose of a time trial is get from point A to point B 
in as short amount of time as possible, hopefully out performing your competitors.  In a time trial 
five seconds can be the difference between first place and third place, so if an athlete can bring 
more power to their final sprint than their competitor, that athlete may be more successful.   By 
improving an athlete’s respiratory muscle strength, research shows an improvement in blood 
flow to the locomotor muscles, a decrease in respiratory sensation, and decreased over all 
perceived exertion (Johnson, Sharpe, Brown, 2007).   If strengthening the respiratory muscles of 
an athlete allows for a greater blood flow to the peripheral musculature, then more work could be 
performed, therefore improving overall performance.  With the ability to perform better, the 
athlete should have the capability to improve their anaerobic power output at the final sprint 
phase of the performance.   
2) What are the potential benefits of the proposed research to the field? 
This study will add to the existing literature about IMT on endurance performance.  Research 
has demonstrated that IMT improves athletes’ endurance performance (Romer, McConnel, & 
Jones, 2002; Voliantis, McConnel, Koutedakis, McNaughton, Backx, & Jones, 2001).  Johnson 
and Sharp (2007) identified IMT improved anaerobic work capacity, but not critical power.  
Johnson et al. (2007) defines critical power as a component of the aerobic energy system supply 
system that represents the highest exercise intensity at which a steady-state can be maintained in 
volume of oxygen consumed (VO2).  Johnson et al. (2007) defines anaerobic work capacity as a 
constant energy store that be utilized when exercise intensity exceeds critical power.  This can be 
determined by fatigue inducing metabolite accumulation (ex: CO2 & lactate).  This study will 
allow for further investigation into whether or not IMT will improve anaerobic power during the 
last 30 seconds of a simulated 15 kilometer time trial in trained cyclists.  This factor is important 
to bring to the field to allow further knowledge on the effects of IMT.  Many research studies 
have looked at the effects of IMT on endurance performance, particularly at time trial efforts, or 
time to exhaustion tests.  No research has been found that has investigated the effects of IMT on 
anaerobic power.  IMT is also important for athletes, since it is a simple and quick way to 
improve athletic performance because it only takes 10-15 minutes a day.   
3) What are the potential benefits, if any, of the proposed research to the subject? 
Proposed benefits for this research are that subjects may increase their respiratory muscle 
strength, therefore increasing their aerobic power contribution which may influence anaerobic 
power.  Aerobic power is the power an athlete can produce when oxygen is available for use.  
Anaerobic power is the power an athlete can produce when oxygen is not adequate to meet 
energy expenditure needs.  When exercising it is not an all or nothing energy system, one will 
pre-dominate over the other.  If an athlete can improve aerobic power there may be an 
improvement seen in anaerobic power, measured through the 30 second Wingate Anaerobic Test. 
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4) A) Describe how you will identify the subject population, and how you will contact 
key individuals who will allow you access to that subject populations or database.   
Competitive cyclists will be the subject population used in this study.  Collegiate racers and 
also racers from a local racing team will be recruited.  As a competitive cyclist, the researcher 
has email communication with these racers, and can communicate directly to the study 
population. 
B) Describe how you will recruit a sample from your subject population, including 
possible use of compensation, and the number of subjects to be recruited 
I will ask the subject population if they would like to involve themselves in the study and 
explain how it may improve their athletic performance.  The subject population I have access to 
includes 30 bicycle racers from collegiate and local bicycle racing teams.  Twenty four subjects, 
both men and women, will be used in the study, 12 will be in a placebo group and 12 will be in a 
treatment group.  If I have more than 24 volunteers for the study I will randomly assign each of 
them either in the placebo or training group.     
5) Briefly describe the research methodology.  Attach copies of all test 
instruments/questionnaires that will be used.   
The researcher initially explains the study and the time involved to the cyclists.  Before any 
testing begins the participants will be informed of the testing procedures and provided with an 
informed consent document.  The researcher will explain to the cyclists that they are either in a 
placebo group or a training group.  Each group will perform IMT five days a week for 6 weeks.  
Each session of IMT consists of five sets of twelve repetitions on the IMT trainer at 85% of their 
MIP for the training group and 15% of their MIP for the placebo group.  The cyclists shall be 
made aware the purpose of the study was to determine the effects of IMT on peak and mean 
anaerobic power following a stimulated 15 km time trial.  Subjects will continue on with their 
post-season workouts while any testing and training takes place.   
Subjects will be instructed to not participate in any high intensity activity the day before 
testing in order to avoid any carry over fatigue into testing.  The week before IMT begins 
subjects will perform a simulated 15 km time trial.  They are allowed to warm up for 5 minutes 
and then after 5 minutes the subjects are instructed to finish the 15km time trial as fast and hard 
as possible.  Verbal encouragement will be made to all subjects during the time trial effort.  
Heart rate, ratings of perceived exertion, and oxygen saturation (SaO2) are checked every five 
minutes.  Heart rate is measured from a Polar heart rate monitor.  Arterial oxygen-hemoglobin 
saturation concentration is recorded using a Sportstat Pulse Oximeter, placed on the index finger 
of the right hand.  Rating of perceived exertion is measured using the Borg 6-20 scale.  Once the 
bicycle odometer states 15 km, the ride is terminated and subjects are instructed to immediately 
perform the Wingate Anaerobic Power test on the Monark cycle ergometer.  Participants spend 
less than 10 seconds between the time trial and the Wingate test.   
The Wingate Anaerobic Power Test measures peak and mean anaerobic power in watts over 
a 30 second trial.  The resistance used is relative to each subject’s body weight (0.075 kp*kg-1).  
Subjects are instructed to pedal as fast as they can during the 30 second test while the computer 
counts the revolutions of the flywheel.   
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6) Give specific examples (with literature citations) for the use of your test 
instruments/questionnaires, or similar ones, in previous similar studies in your field 
The instruments used in the study include a device to measure Maximal Inspiratory Pressure 
(MIP), a pulse oximeter to measure hemoglobin saturation non-invasively, a heart rate monitor to 
measure heart rate, a Borg RPE scale to measure perceived exertion, and subjects’ own racing 
bicycle attached to a fluid trainer to perform the time trial.  Prior to the beginning of the study 
period the researcher will measure MIP.  The pre-test will involve the subjects performing a 15 
kilometer time trial in which heart rate will be measured throughout; as seen in experiments by 
Eastwood, Hillman, & Finucane(2001), Inbar, Weiner, Azgard, Rostein, & Weinstein (2000), 
and Johnson, Sharpe, & Brown (2007).  Vogiatzis, Georgiadou, Giannopoulou, Koskolou, 
Zakynthinos, Kostikas, & Roussos (2006) use a pulse oximeter to measure for exercise induced 
hypoxemia.  Other studies have used the 30 second Anaerobic Wingate test to measure power 
outputs (Kohler, Rundell, Evans, Levine, 2009; Smith & Hill, 1991; Pattion, Murphy, & 
Frederick, 1985).   
7) Describe how your study design is appropriate to examine your question or specific 
hypothesis.  Include a description of controls used, if any.  
Repeated measures designs are popular and used regularly to assess human performance 
across multiple conditions.  It is felt that evaluation using a within subjects design or even a 
single subject design allows for a stronger interpretation of the interventions at the individual 
level.  Schutz et al. (1987) has provided guidance for many exercise science researchers utilizing 
a within subject design, and Bates (1996) highlights many of the problems assessing human 
performance using randomized, fixed designs. The hypothesis states that inspiratory muscle 
training will improve anaerobic peak and mean power following a 15 kilometer time trial.  In 
order to achieve this result, subjects must undergo IMT.  Literature has shown improvement 
within six weeks, which is the length of this study.  In order to measure power during the end of 
a simulated 15km time trial, subjects must perform a Wingate Anaerobic Test following this 
activity.  IMT, a time trial, and the Wingate Anaerobic Test will be used in this study.  The IMT 
will be used five days/week for six weeks, while the time trial and the Wingate Anaerobic test 
will be used for a pretest and a posttest.   
 The study will include both a placebo and training group.  Both groups will undergo pre-
testing, 6 weeks of IMT training, and post-testing.  The placebo group will breathe against a 
resistance of 15% of their MIP, while the training group will breathe at a resistance of 85% of 
their MIP.  The 15% load has proven to be an ineffective load at producing significant results, 
while breathing at 85% has proven to be an effective load to produce significant results (Romer, 
McConnel, & Jones, 2002; Downey, Chenoweth, Townsend, Ranum, Ferguson, & Harms, 2007; 
Kwokkeung, Hokin, Chung, Eston, Lu, Quch, Nie, & So, 2008).   
 
8) Give specific examples (with literature citations) for the use of your study design, or 
similar ones, in previous similar studies in your field.  
Eastwood, Hillman, & Finucane (2001) used a repeated measures design to compare the 
difference of IMT in endurance athletes and sedentary subjects.  Sonetti, Wetter, Pegelow, & 
Dempsey (2001) also used a repeated measures design to measure the effects of respiratory 
muscle training versus a placebo on endurance exercise performance.  Other studies have used 
similar protocols for IMT and cycling time trials.  An experiment by Gething, Williams, & 
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Davies (2004) performed a cycling time to exhaustion before inspiratory muscle training and 
found those subjects involved in the IMT group significantly improved their overall time to 
exhaustion.  Romer, McConnell, & Jones (2002) specifically looked at the effects of IMT on 20 
km and 40km time trial performance.  Results of the study show the IMT group improved 
significantly over the placebo group during both time trials.  The IMT group also significantly 
improved their MIP, and the placebo group did not.   
9) Describe the potential risks to the human subjects involved.   
As with any exercise, muscle fatigue may be experienced and muscle injury cannot be 
completely avoided.  Performing a simulated time trial can be very exhausting, but all subjects 
used in this study have real world racing experience competing in time trials, so the feeling of 
exhaustion will be normal for the athletes.  The 30 second Wingate test requires subjects to 
perform an all out sprint, which can be uncomfortable to someone who is not used to that kind of 
training.  The subjects are all used to 30 second all out sprints due to their bicycling races.  
Sprints are very common in bicycling races, whether racers use them to sprint away from the rest 
of the riders to get a head, or to out sprint their competitors to the finish line.  The researcher has 
not seen any injuries occur during these type of competitions, but they can still happen.  The 
inspiratory muscle training device requires the subject to use a mouthpiece and nose clip, in 
which they will then inspire from the apparatus.  The subject must overcome the threshold before 
any air will be available for use.  If subjects cannot overcome the threshold no air would be 
available for the subject, in order to fix this the threshold value would be decreased to the subject 
would be able to overcome it.   
10) If the research involves potentials risks, describe the potential safeguards that will 
be used to minimize such risks. 
All proper procedures will be taken to reduce the risk of exercise-induced injuries.  The 
investigator will provide a five to ten minute warm-up and cool-down to help prevent exercise 
related injuries.  The investigator will make sure that all nose clips and mouthpieces used are 
cleaned before each subject trains to reduce the risk of any cross contamination.  Cleaning will 
consists of an initial rinsing of the instruments with warm water, followed by submersion into 
10% bleach solution then Alconox cleaner, rinsing before drying.   
11) Describe how you will address privacy and/or confidentiality 
In order to maintain privacy and confidentiality all subjects will be given an identification 
number to ensure confidentiality; all records will be kept private from all individuals and 
securely stored in the physiology laboratory.  Extra back-up copies will be created and saved on 
the researchers’ Western Washington U-drive, since it is password protected and no one else has 
access to it.      
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Subject Info Sheet, Pre and Post Test Collection Sheets 
Subject Info Sheet 
 
Subject Name______________________________________________________________ 
Subject #_______ 
Contact 
 Email_______________________________________________________________ 
 
Phone_______________________________________________________________ 
 
Age________ 
 
Weight_____________lbs 
 
Height_____________in 
 
Racing Category____________ 
 
Years Racing______________ 
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Subject Info Sheet, Pre and Post Test Collection Sheets 
Subject Activity Sheet 
 
Day Mode Length Intensity 
Monday    
Tuesday    
Wednesday    
Thursday    
Friday    
Saturday    
Sunday    
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Pre-Test 
Data Collection Sheet 
 
Name______________________________________________________________ 
 
Subject #_________ 
 
Resting Data 
Trial#  MIP  HR  SaO2 
1 
 
2 
 
3 
 
 
15KM Time Trial 
 
Minute SaO2 HR RPE 
5    
10    
15    
20    
25    
30    
35    
 
Time Completion _____ 
 
Wingate Test Seat Height________ 
 
Comments: 
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Post-Test 
Data Collection Sheet 
 
Name______________________________________________________________ 
 
Subject #_________ 
 
Resting Data 
Trial#  MIP  HR  SaO2 
1 
 
2 
 
3 
 
 
15KM Time Trial 
 
Minute SaO2 HR RPE 
5    
10    
15    
20    
25    
30    
35    
 
Time Completion _____ 
 
Wingate Test Seat Height________ 
 
Comments: 
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IMT Weekly Data Collection Sheet 
Training Group 
 
Subject#_____ 
 
Subject Name_________________________________________________________ 
 
MIP 
 Week 1 
  MIP T1_______  T2_______  T3_______ 
 Week 2 
  MIP T1_______  T2_______  T3_______ 
 Week 3 
  MIP T1_______  T2_______  T3_______ 
 Week 4 
  MIP T1_______  T2_______  T3_______ 
 Week 5 
  MIP T1_______  T2_______  T3_______ 
 Week 6 
  MIP T1_______  T2_______  T3_______ 
 
PowerBreathe Setting 
 
 Week 1_______  Week 2_______  Week 3_______  
 
 Week 4_______  Week 5_______  Week 6_______ 
 
 
Measurement Dates: 
 
 Week 1_________________________________________________ 
 
 Week 2_________________________________________________ 
 
 Week 3_________________________________________________ 
 
 Week 4_________________________________________________ 
 
 Week 5_________________________________________________ 
 
 Week 6_________________________________________________ 
 
Comments: 
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IMT Weekly Data Collection Sheet 
Placebo Group 
 
Subject#_____ 
 
Subject Name_________________________________________________________ 
 
MIP 
 Week 1 
  MIP T1_______  T2_______  T3_______ 
 Week 2 
  MIP T1_______  T2_______  T3_______ 
 Week 3 
  MIP T1_______  T2_______  T3_______ 
 Week 4 
  MIP T1_______  T2_______  T3_______ 
 Week 5 
  MIP T1_______  T2_______  T3_______ 
 Week 6 
  MIP T1_______  T2_______  T3_______ 
 
PowerBreathe Setting 
 
 Week 1_______  Week 2_______  Week 3_______  
 
 Week 4_______  Week 5_______  Week 6_______ 
 
 
Measurement Dates: 
 
 Week 1_________________________________________________ 
 
 Week 2_________________________________________________ 
 
 Week 3_________________________________________________ 
 
 Week 4_________________________________________________ 
 
 Week 5_________________________________________________ 
 
 Week 6_________________________________________________ 
 
Comments: 
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Subject Characteristics 
    
Group 
Number   Age 
Height 
(in) Weight (kg) 
Weekly 
Training Time 
(hrs) 
Training               
1   1   32 68 83 14 
4   1   29 77 80 16.25 
7   1   25 75 84 14 
9   1   41 72.5 84 7 
11   1   22 68 64 9.75 
13   1   25 70 82 5 
14   1   46 72 73 8.75 
18   1   25 63 57 15.75 
19   1   46 69 81 8 
21   1   41 66 55 11.25 
25   1   47 69 79 7.5 
Placebo               
3   2   28 78 91 10 
5   2   21 65 64 6 
6   2   40 73 76 8 
8   2   57 69 67 9 
10   2   29 66 56 8 
12   2   27 62 70 11 
15   2   33 64 95 14 
16   2   50 68 66 14.5 
17   2   36 67 63 8 
20   2   43 70 77 11.25 
22   2   46 71 67 8 
23   2   45 74.5 76 16.5 
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Subject Test Data 
 
Raw Data: Time Trial Time, Heart Rate, RPE 
Subject 
Number 
Time Trial Time 
(Minutes) 
Average  Heart Rate 
(BPM) 
Average RPE 
PRE POST PRE POST PRE POST 
1 25 25 178 170 16 16 
3 25 25 161 155 15 14 
4 25 25 149 156 15 17 
5 31.40 32.37 177 170 18 17 
6 28.57 27.00 188 179 16 16 
7 24.06 26.06 180 175 17 17 
8 33.55 35.65 157 127 15 15 
9 26.30 26.95 170 159 18 14 
10 36.00 35.30 177 182 17 15 
11 32.95 33.82 163 166 17 16 
12 29.63 30.43 162 144 17 17 
13 26.55 25.33 178 178 18 17 
14 27.42 24.25 147 160 17 17 
15 21.40 22.22 161 154 17 18 
16 33.48 31.95 147 155 17 16 
17 33.50 29.02 191 186 16 15 
18 31.78 32.18 177 179 17 16 
19 30.50 28.05 165 159 17 16 
20 25.95 25.97 164 163 17 17 
21 30.08 29.43 168 161 16 16 
22 31.87 26.52 161 168 16 16 
23 27.63 25.52 172 170 17 17 
25 29.27 29.48 159 165 17 17 
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Raw Data: SaO2, MIP, Peak Power, Mean Power 
Subject 
Number Average SaO2 MIP 
Peak Power 
(Watts) 
Mean Power 
(Watts) 
PRE POST PRE POST PRE POST PRE POST 
1 92 93 1.4 1.7 702.5 702.5 615.5 600.2 
3 97 96 1.3 1.5 644.0 788.6 536.3 655.8 
4 94 97 1.6 1.8 1016.8 878.2 669.6 716.3 
5 94 96 0.9 1.2 702.5 788.6 634.7 715.1 
6 91 94 1.1 2.1 644.0 878.2 565.3 687.9 
7 95 96 1.2 1.5 1016.8 878.2 591.0 664.1 
8 93 95 1.2 1.5 439.1 501.8 367.3 478.2 
9 95 95 1.0 1.5 1016.8 878.2 783.7 763.8 
10 98 97 0.5 1.0 471.2 544.2 435.1 504.8 
11 95 95 1.7 1.8 644.0 702.5 569.0 620.2 
12 96 98 0.9 1.2 501.8 644.0 484.1 562.8 
13 93 93 1.7 1.5 702.5 702.5 545.2 580.3 
14 93 96 1.1 1.7 585.5 702.5 557.1 642.0 
15 96 96 1.8 2.1 702.5 788.6 538.2 580.3 
16 95 96 1.2 1.6 439.1 439.1 346.8 392.7 
17 97 97 0.6 0.7 471.2 544.2 417.8 496.9 
18 98 98 1.7 2.1 702.5 544.2 524.8 460.3 
19 93 94 1.5 1.7 702.5 702.5 523.2 589.7 
20 93 93 1.5 1.7 788.6 788.6 723.2 670.1 
21 91 94 0.9 1.4 878.2 788.6 681.9 611.9 
22 93 92 0.9 1.2 878.2 702.5 712.4 632.1 
23 94 94 1.5 1.7 788.6 644.0 594.3 515.6 
25 93 95 1.0 1.3 788.6 878.2 674.0 707.5 
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Training Group 
 
Time Trial Time (Minutes) Average  Heart Rate (BPM) Average RPE 
Subject 
Number PRE POST PRE POST PRE POST 
             
1 25 25 178 170 16 16 
4 25 25 149 156 15 17 
7 24.06 26.06 180 175 17 17 
9 26.30 26.95 170 159 18 14 
11 32.95 33.82 163 166 17 16 
13 26.55 25.33 178 178 18 17 
14 27.42 24.25 147 160 17 17 
18 31.78 32.18 177 179 17 16 
19 30.50 28.05 165 159 17 16 
21 30.08 29.43 168 161 16 16 
25 29.27 29.48 159 165 17 17 
 
 
Average SaO2 MIP Peak Power (Watts) Mean Power (Watts) 
Subject 
Number PRE POST PRE POST PRE POST PRE POST 
                 
1 92 93 1.4 1.7 702.5 702.5 615.5 600.2 
4 94 97 1.6 1.8 1016.8 878.2 669.6 716.3 
7 95 96 1.2 1.5 1016.8 878.2 591.0 664.1 
9 95 95 1.0 1.5 1016.8 878.2 783.7 763.8 
11 95 95 1.7 1.8 644.0 702.5 569.0 620.2 
13 93 93 1.7 1.5 702.5 702.5 545.2 580.3 
14 93 96 1.1 1.7 585.5 702.5 557.1 642.0 
18 98 98 1.7 2.1 702.5 544.2 524.8 460.3 
19 93 94 1.5 1.7 702.5 702.5 523.2 589.7 
21 91 94 0.9 1.4 878.2 788.6 681.9 611.9 
25 93 95 1.0 1.3 788.6 878.2 674.0 707.5 
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Placebo Group 
 
Time Trial Time (Minutes) Average Heart Rate (BPM) 
 
Average RPE 
Subject 
Number PRE POST PRE POST PRE POST 
3 25 25 161 155 15 14 
5 31.40 32.37 177 170 18 17 
6 28.57 27.00 188 179 16 16 
8 33.55 35.65 157 127 15 15 
10 36.00 35.30 177 182 17 15 
12 29.63 30.43 162 144 17 17 
15 21.40 22.22 161 154 17 18 
16 33.48 31.95 147 155 17 16 
17 33.50 29.02 191 186 16 15 
20 25.95 25.97 164 163 17 17 
22 31.87 26.52 161 168 16 16 
23 27.63 25.52 172 170 17 17 
 
  
Average SaO2 
 
MIP 
 
Peak Power (Watts) 
 
Mean Power (Watts) 
Subject 
Number PRE POST PRE POST PRE POST PRE POST 
3 97 96 1.3 1.5 644.0 788.6 536.3 655.8 
5 94 96 0.9 1.2 702.5 788.6 634.7 715.1 
6 91 94 1.1 2.1 644.0 878.2 565.3 687.9 
8 93 95 1.2 1.5 439.1 501.8 367.3 478.2 
10 98 97 0.5 1.0 471.2 544.2 435.1 504.8 
12 96 98 0.9 1.2 501.8 644.0 484.1 562.8 
15 96 96 1.8 2.1 702.5 788.6 538.2 580.3 
16 95 96 1.2 1.6 439.1 439.1 346.8 392.7 
17 97 97 0.6 0.7 471.2 544.2 417.8 496.9 
20 93 93 1.5 1.7 788.6 788.6 723.2 670.1 
22 93 92 0.9 1.2 878.2 702.5 712.4 632.1 
23 94 94 1.5 1.7 788.6 644.0 594.3 515.6 
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MIP Statistics 
 
 
Tests of Within-Subjects Effects 
 
Source 
Type III Sum of Squares df 
Mean 
Square F Sig. 
Partial Eta 
Squared 
Time Sphericity 
Assumed 
1.148 1 1.148 44.727 .000 .680 
Greenhouse-
Geisser 
1.148 1.000 1.148 44.727 .000 .680 
Huynh-Feldt 1.148 1.000 1.148 44.727 .000 .680 
Lower-bound 1.148 1.000 1.148 44.727 .000 .680 
Time * 
Group 
Sphericity 
Assumed 
.007 1 .007 .288 .597 .014 
Greenhouse-
Geisser 
.007 1.000 .007 .288 .597 .014 
Huynh-Feldt .007 1.000 .007 .288 .597 .014 
Lower-bound .007 1.000 .007 .288 .597 .014 
Error(Time) Sphericity 
Assumed 
.539 21 .026 
   
Greenhouse-
Geisser 
.539 21.000 .026 
   
Huynh-Feldt .539 21.000 .026    
Lower-bound .539 21.000 .026    
 
 
Tests of Between-Subjects Effects 
 
Source Type III Sum of 
Squares df Mean Square F Sig. 
Partial Eta 
Squared 
Intercept 88.607 1 88.607 413.552 .000 .952 
Group .475 1 .475 2.217 .151 .095 
Error 4.499 21 .214    
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Peak Power Statistics 
 
Tests of Within-Subjects Effects 
 
Source Type III 
Sum of 
Squares df 
Mean 
Square F Sig. 
Partial 
Eta 
Squared 
Noncent. 
Parameter 
Observed 
Power
a
 
Time Sphericity 
Assumed 
429.230 1 429.230 .072 .791 .003 .072 .058 
Greenhouse-
Geisser 
429.230 1.000 429.230 .072 .791 .003 .072 .058 
Huynh-Feldt 429.230 1.000 429.230 .072 .791 .003 .072 .058 
Lower-bound 429.230 1.000 429.230 .072 .791 .003 .072 .058 
Time * 
Group 
Sphericity 
Assumed 
20587.992 1 20587.992 3.453 .077 .141 3.453 .426 
Greenhouse-
Geisser 
20587.992 1.000 20587.992 3.453 .077 .141 3.453 .426 
Huynh-Feldt 20587.992 1.000 20587.992 3.453 .077 .141 3.453 .426 
Lower-bound 20587.992 1.000 20587.992 3.453 .077 .141 3.453 .426 
Error(Time) Sphericity 
Assumed 
125199.656 21 5961.888 
     
Greenhouse-
Geisser 
125199.656 21.000 5961.888 
     
Huynh-Feldt 125199.656 21.000 5961.888      
Lower-bound 125199.656 21.000 5961.888      
 
 
Tests of Between-Subjects Effects 
 
Source Type III Sum 
of Squares df Mean Square F Sig. 
Partial Eta 
Squared 
Noncent. 
Parameter 
Observed 
Power
a
 
Intercept 23299717.265 1 23299717.265 672.820 .000 .970 672.820 1.000 
Group 197416.104 1 197416.104 5.701 .026 .214 5.701 .625 
Error 727228.745 21 34629.940      
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Mean Power Statistics 
 
Tests of Within-Subjects Effects 
 
Source Type III 
Sum of 
Squares df 
Mean 
Square F Sig. 
Partial 
Eta 
Squared 
Noncent. 
Parameter 
Observed 
Power
a
 
Time Sphericity 
Assumed 
12068.585 1 12068.585 5.627 .027 .211 5.627 .619 
Greenhouse-
Geisser 
12068.585 1.000 12068.585 5.627 .027 .211 5.627 .619 
Huynh-Feldt 12068.585 1.000 12068.585 5.627 .027 .211 5.627 .619 
Lower-bound 12068.585 1.000 12068.585 5.627 .027 .211 5.627 .619 
Time * 
Group 
Sphericity 
Assumed 
1738.686 1 1738.686 .811 .378 .037 .811 .138 
Greenhouse-
Geisser 
1738.686 1.000 1738.686 .811 .378 .037 .811 .138 
Huynh-Feldt 1738.686 1.000 1738.686 .811 .378 .037 .811 .138 
Lower-bound 1738.686 1.000 1738.686 .811 .378 .037 .811 .138 
Error(Time) Sphericity 
Assumed 
45039.492 21 2144.738 
     
Greenhouse-
Geisser 
45039.492 21.000 2144.738 
     
Huynh-Feldt 45039.492 21.000 2144.738      
Lower-bound 45039.492 21.000 2144.738      
 
 
Tests of Between-Subjects Effects 
 
Source Type III Sum 
of Squares df Mean Square F Sig. 
Partial Eta 
Squared 
Noncent. 
Parameter 
Observed 
Power
a
 
Intercept 15828930.905 1 15828930.905 903.580 .000 .977 903.580 1.000 
Group 56791.415 1 56791.415 3.242 .086 .134 3.242 .405 
Error 367878.511 21 17518.024      
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SaO2 Statistics 
 
 
Tests of Within-Subjects Effects 
 
Source Type III 
Sum of 
Squares df 
Mean 
Square F Sig. 
Partial Eta 
Squared 
Noncent. 
Parameter 
Observed 
Power
a
 
Time Sphericity 
Assumed 
9.886 1 9.886 11.192 .003 .348 11.192 .890 
Greenhouse-
Geisser 
9.886 1.000 9.886 11.192 .003 .348 11.192 .890 
Huynh-Feldt 9.886 1.000 9.886 11.192 .003 .348 11.192 .890 
Lower-bound 9.886 1.000 9.886 11.192 .003 .348 11.192 .890 
Time * 
Group 
Sphericity 
Assumed 
1.364 1 1.364 1.544 .228 .068 1.544 .220 
Greenhouse-
Geisser 
1.364 1.000 1.364 1.544 .228 .068 1.544 .220 
Huynh-Feldt 1.364 1.000 1.364 1.544 .228 .068 1.544 .220 
Lower-bound 1.364 1.000 1.364 1.544 .228 .068 1.544 .220 
Error(Time) Sphericity 
Assumed 
18.549 21 .883 
     
Greenhouse-
Geisser 
18.549 21.000 .883 
     
Huynh-Feldt 18.549 21.000 .883      
Lower-bound 18.549 21.000 .883      
 
 
Tests of Between-Subjects Effects 
 
Source Type III Sum 
of Squares df 
Mean 
Square F Sig. 
Partial Eta 
Squared 
Noncent. 
Parameter 
Observed 
Power
a
 
Intercept 412170.739 1 412170.739 69292.979 .000 1.000 69292.979 1.000 
Group 3.957 1 3.957 .665 .424 .031 .665 .122 
Error 124.913 21 5.948      
 
 
82 
 
RPE Statistics 
 
Tests of Within-Subjects Effects 
 
Source Type III Sum 
of Squares df 
Mean 
Square F Sig. 
Partial Eta 
Squared 
Time Sphericity Assumed 2.656 1 2.656 4.036 .058 .161 
Greenhouse-
Geisser 
2.656 1.000 2.656 4.036 .058 .161 
Huynh-Feldt 2.656 1.000 2.656 4.036 .058 .161 
Lower-bound 2.656 1.000 2.656 4.036 .058 .161 
Time * 
Group 
Sphericity Assumed .048 1 .048 .072 .791 .003 
Greenhouse-
Geisser 
.048 1.000 .048 .072 .791 .003 
Huynh-Feldt .048 1.000 .048 .072 .791 .003 
Lower-bound .048 1.000 .048 .072 .791 .003 
Error(Time) Sphericity Assumed 13.822 21 .658    
Greenhouse-
Geisser 
13.822 21.000 .658 
   
Huynh-Feldt 13.822 21.000 .658    
Lower-bound 13.822 21.000 .658    
 
 
Tests of Between-Subjects Effects 
 
Source Type III Sum of 
Squares df Mean Square F Sig. 
Partial Eta 
Squared 
Intercept 12376.739 1 12376.739 10030.206 .000 .998 
Group .739 1 .739 .599 .448 .028 
Error 25.913 21 1.234    
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HR Statistics 
 
Tests of Within-Subjects Effects 
 
Source 
Type III Sum 
of Squares df 
Mean 
Square F Sig. 
Partial Eta 
Squared 
Time Sphericity Assumed 102.004 1 102.004 2.362 .139 .101 
Greenhouse-
Geisser 
102.004 1.000 102.004 2.362 .139 .101 
Huynh-Feldt 102.004 1.000 102.004 2.362 .139 .101 
Lower-bound 102.004 1.000 102.004 2.362 .139 .101 
Time * 
Group 
Sphericity Assumed 68.091 1 68.091 1.577 .223 .070 
Greenhouse-
Geisser 
68.091 1.000 68.091 1.577 .223 .070 
Huynh-Feldt 68.091 1.000 68.091 1.577 .223 .070 
Lower-bound 68.091 1.000 68.091 1.577 .223 .070 
Error(Time) Sphericity Assumed 906.822 21 43.182    
Greenhouse-
Geisser 
906.822 21.000 43.182 
   
Huynh-Feldt 906.822 21.000 43.182    
Lower-bound 906.822 21.000 43.182    
 
 
Tests of Between-Subjects Effects 
 
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Partial Eta 
Squared 
Intercept 1264515.913 1 1264515.913 4358.315 .000 .995 
Group 11.391 1 11.391 .039 .845 .002 
Error 6092.913 21 290.139    
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Time Trial Time Statistics 
 
Tests of Within-Subjects Effects 
 
Source 
Type III Sum 
of Squares df 
Mean 
Square F Sig. 
Partial Eta 
Squared 
Time Sphericity Assumed 4.303 1 4.303 2.339 .141 .100 
Greenhouse-
Geisser 
4.303 1.000 4.303 2.339 .141 .100 
Huynh-Feldt 4.303 1.000 4.303 2.339 .141 .100 
Lower-bound 4.303 1.000 4.303 2.339 .141 .100 
Time * 
Group 
Sphericity Assumed 1.081 1 1.081 .587 .452 .027 
Greenhouse-
Geisser 
1.081 1.000 1.081 .587 .452 .027 
Huynh-Feldt 1.081 1.000 1.081 .587 .452 .027 
Lower-bound 1.081 1.000 1.081 .587 .452 .027 
Error(Time) Sphericity Assumed 38.643 21 1.840    
Greenhouse-
Geisser 
38.643 21.000 1.840 
   
Huynh-Feldt 38.643 21.000 1.840    
Lower-bound 38.643 21.000 1.840    
 
 
Tests of Between-Subjects Effects 
 
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Partial Eta 
Squared 
Intercept 37689.200 1 37689.200 1436.990 .000 .986 
Group 23.870 1 23.870 .910 .351 .042 
Error 550.785 21 26.228    
 
 
